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14.  ABSTRACT 

Background:  Metastasis  is  a  multi-step  process  wherein  tumor  cells  detach  from  the  primary  mass,  migrate  through  barrier  matrices, 
gain  access  to  conduits  to  disseminate,  and  subsequently  survive  and  proliferate  in  an  ectopic  site.  During  the  initial  invasion  stage, 
prostate  carcinoma  cells  undergo  epithelial-mesenchymal-like  transition  with  gain  of  autocrine  signaling  and  loss  of  E-cadherin, 
hallmarks  that  appear  to  enable  invasion  and  dissemination.  However,  we  have  recently  reported  that  some  metastases  express  E- 
cadherin  in  bone  or  liver  metastasis.  These  finding  indicate  that  phenotypic  plasticity  occurs  late  in  prostate  cancer  within  the  metastatic 
microenvironment.  To  determine  the  molecular  signing  mechanism  responsible  for  this  occurance,  we  have  focused  on  Kaiso,  a 
transcriptional  repressor,  is  expressed  in  the  cytoplasmic  and  nuclear  compartments  of  cells.  The  objective  of  this  award  is  to 
determine  the  influence  of  tumor  microenvironment  and  the  signaling  mechanism  through  which  tumor  plasticity  is  accomplished. 

Methods:  HS-27a  bone  marrow  stromal  cells  were  cocultured  with  ARCaP  prostate  cancer  cells  for  various  time  intervals  in  2D  or 
3D  culture  situations.  Growth  and  clonogenic  survival  was  determined  by  the  ability  of  prostate  cells  to  form  colonies  or  proliferation 
in  the  presence  or  absence  of  4  Gy  radiation  treatment  or  inhibiting  antibodies.  The  surviving  fraction  of  colonies  was  calculated  as  a 
ratio  of  the  number  of  colonies  formed,  divided  by  the  total  number  of  cells  plated,  times  the  plating  efficiency  [(#  of  colonies  formed 
-r  total  #  cells  plated)  x  plating  efficiency]. 

Additionally,  Kaiso  expression  was  determined  in  patients  tumors  utilizing  immunohistochemistry.  Kaiso  expression  and  localization 
was  determined  utilizing  qRT-PCR,  immunoblotting,  and  immunofluorescence  in  prostate  cancer  cell  lines.  Functional  analysis  of 
Kaiso  in  shKaiso-DU-145  and  PC-3  cells  was  determined  by  wound  healing  assay,  and  matrigel  invasion  assay.  sh-Kaiso  PC-3  cells, 
were  subsequently  analyzed  for  EMT  markers  expression  by  qRT-PCR,  immunoblotting  in  the  presence  and  absence  of  demethylation 
agent.  Additionally  direct  binding  of  Kaiso  to  E-cadherin  promoter  was  determined  by  Chromatin  Immunoprecipitation  assay. 

Results:  HS-27a  human  bone  stromal  cells,  in  2D  or  3D  coultures,  induced  cellular  plasticity  in  human  prostate  cancer  EMT  model 
ARCaPE  and  ARCaPM  cells.  Cocultured  ARCaPE  and  ARCaPM  cells  developed  increased  survival  and  growth  advantage,  with  ARCaPE 
exhibiting  the  most  significant  increases  in  presence  of  bone  or  prostate  stroma.  Prostate  or  bone  stroma  induced  significant  resistance 
to  radiation  treatment  in  ARCaPE  cells  compared  to  ARCaPM  cells. 

In  separate,  but  linked  set  of  experiments  we  further  demonstrated  enrichment  of  nuclear  Kaiso  expression  was  observed  in  primary  and 
metastatic  prostate  tumors  compared  to  normal  prostate  epithelium.  Nuclear  expression  significantly  correlates  with  clinicopathological 
features.  EGF  stimulation  increases  Kaiso  expression,  and  causes  a  shift  of  Kaiso  to  the  nucleus.  sh-Kaiso  abrogation  in  DU-145  and 
PC-3  cells  blocks  basal  and  EGF-induced  cell  migration  and  invasion,  effects  that  are  associated  with  re-establishment  of  cell-cell 
contacts  and  enhanced  expression  of  the  tumor  suppressor,  E-cadherin  and  a  reversal  of  EMT.  Lastly,  Kaiso  directly  binds  to 
methylated  sequences  with  the  E-cadherin  promoter. 

Conclusion:  Our  data  demonstrate  that  the  E-cadherin  expressing  cells  have  a  growth  and  survival  advantage  over  non-E-cadherin 
expressing  cells  within  the  tumor  microenvironment.  Furthermore,  this  is  possibly  due  to  growth  factor  regulation  of  a  newly  identified 
oncogene,  Kaiso,  in  prostate  cancer.  . 
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INTRODUCTION 


The  DoD  funded  Prostate  Cancer  New  Investigator  Award"  (PC073977)  entitled  “The  role  of  Tumor 
Microenvironment  on  Prostate  Cancer  Progression.  We  are  pleased  to  report  all  aims  are  completed. 
As  the  aims  are  interrelated  and  interdependent,  we  have  highlighted  the  accomplishments 
successively  within  the  context  of  the  entire  text. 


Overarching  aims  are  to  “Determine  role  of  Tumor  microenvironment  on  Prostate 
Progression”  The  work  below  represents  work  completed  during  Year  1  and  2  of  the  award. 

(Final  Publications  included  in  AppendixjTo  complete  this  aim  we  first  determined  the  effect  of  tumor- 
stromal  interactions  on  epithelial  vs  mesenchymal  prostate  cancer  cell  line  ARCaP.  The  ARCaP  model  has 
been  described  to  closely  mimic  the  patho-physiology  of  advanced  clinical  human  prostate  cancer  bone 
metastasis  [10].  The  ARCaPE  cells  were  derived  from  single-cell  dilutions  of  the  ARCaP  cells.  These  cells 
exhibit  a  cuboidal-shaped  epithelial  morphology  with  high  expression  of  epithelial  markers,  such  as  cytokeratin 
1 8  and  E-cadherin.  The  lineage -derived  ARCaPM  cells  have  a  spindle-shaped  mesenchymal  morphology  and 
phenotype.  ARCaPM  cells  have  decreased  expression  of  E-cadherin  and  cytokeratins  18  and  19,  but  increased 
expression  of  N-cadherin  and  vimentin.  These  cells  have  decreased  cell  adhesion  and  increased  metastatic 
propensity  to  bone  and  adrenal  glands  [11].  The  morphologic  and  phenotypic  changes  observed  in  the  ARCaPM 
cells  closely  resemble  that  of  cells  undergoing  EMT. 


ARCaPu 


Figure  1.  3D  co-culture  of  ARCaPE  or  ARCaPM  with  HS-27a  cells  show  E-cadherin  expression.  (A) 
lx  107  ARCaPE  or  ARCaPM  were  co-cultured  with  HS-27a  cells  in  RWV  for  3  days. 
Immunohistochemistry  of  organoids  were  stained  with  anti-E-cadherin  or  N-cadherin  antibody.  (B) 
2D  Cocultures  of  HS-27a  were  preformed  utilizing  a  total  of  50,000cm2/  HS-27a  fibroblasts,  after 
which  20,000  cm2  ARCaPE  or  ARCaPM  were  seeded  on  top  of  the  fibroblast  monolayer.  The  co¬ 
cultures  were  maintained  in  serum-free  medium  for  4  days.  Immunocytochemistry  of  co-cultures 
over  a  4  day  period  was  performed  utilizing  anti-E-cadherin  and  N-cadherin  antibodies.  Shown  are 
representative  images  of  at  least  three  experiments 
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Figure  1.  3D  co-culture  of  ARCaPE  or  ARCaPM  with  HS-27a  cells  show  E-cadherin  expression.  (A) 
lx  1()7  ARCaPE  or  ARCaPM  were  co-cultured  with  HS-27a  cells  in  RWV  for  3  days. 
Immunohistochemistry  of  organoids  were  stained  with  anti-E-cadherin  or  N-cadherin  antibody.  (B) 
2D  Cocultures  of  HS-27a  were  preformed  utilizing  a  total  of  50,000cm2/  HS-27a  fibroblasts,  after 
which  20,000  cnr  ARCaPE  or  ARCaPM  were  seeded  on  top  of  the  fibroblast  monolayer.  The  co¬ 
cultures  were  maintained  in  serum-free  medium  for  4  days.  Immunocytochemistry  of  co-cultures 
over  a  4  day  period  was  performed  utilizing  anti-E-cadherin  and  N-cadherin  antibodies.  Shown  are 
representative  images  of  at  least  three  experiments 
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ular  plasticity  of  the  ARCaP  EMT  model,  we  coultured  ARCaP  cells  with  HS-27a  cells  in  3D  RWV  (rotary 


wall  vessel)  system  for  3  days.  ARCaPE  cells  formed  larger  prostate  organoids  than  ARCaPM  cells,  (data  not 


shown).  Upon  immunohistochemical  examination  of  organoids,  we  observed  both  ARCaPE  and  ARCaPM 


express  E-cadherin  and  lack  N-cadherin  expression  (Figure  1A).  To  further  examine  the  influence  of  tumor- 


stroma  interactions  over  a  multi-day  period  we  utilized  a  similar  2D  co-cultures  method.  Utilizing 
immunoctyochemical  analysis,  we  observed  a  lack  E-cadherin  and  robust  N-cadherin  staining  after  1  day  in 
both  ARCAPe  and  ARCaPM  cocultures.  However  by  day  4,  both  ARCaPE  and  ARCaPM  cells  formed  tumor 
nest  that  express  E-cadherin  and  lack  N-cadherin  staining  (Figure  IB).  It  is  worthy  to  note  that  ARCaPM  tumor 
nest  appeared  to  develop  at  much  smaller  extent,  compared  to  ARCaPE  cocultures. 

Since  ARCaPE  cells  formed  larger  tumor  nest  and  spheroids  when  co-cultured  with  HS-27a  cells 
compared  to  ARCaPM  cells,  we  sought  to  further  assess  if  HS-27a  cells  preferentially  stimulated  the  growth  of 
ARCaPE  cells  versus  ARCaPM  cells.  Utilizing  GFP  transfected  HS-27a  bone  marrow  stromal  cells  and  RFP 
transfected  ARCaPE  or  ARCaPM  cells  (Figure  2A),  we  examined  the  proliferative  ability  of  ARCaP  cells  in 
homotypic  and  coculture  conditions.  Growth  of  RFP  transfected  ARCaPE  and  ARCaPM  cells,  respectively,  was 
quantified  by  relative  fluorescent  unites  (RFU)  of  transfected  cell  lines  over  a  6-day  period  in  homotypic 
cultures  and  coculture  conditions  (Figure  2A).  As  previously  reported,  homotypic  cultured  ARCaPM  shows 
significant  growth  compared  to  ARCaPE  homotypic  cultures,  however  cocultures  reversed  this  trend  with 
ARCaPE  cells  demonstrating  the  most  significant  growth  (Figure  2B).  We  also  confirmed  these  findings  in 
ARCaPE  cells  in  coculture  using  clongenic  assay.  Although  ARCaPM  cells  have  a  higher  plating  efficiency  than 
ARCaPE  cells,  ARCaPE  cells  exhibited  an  8-fold  increase  in  their  ability  to  form  colonies  after  coculture 
compared  to  1.35  fold  increase  of  cocultured  ARCaPM  cells  (Figure  2C).  Phase-contrast  microscopy  of  colonies 
after  co-culture  show  that  ARCaPM  colonies  appear  loosely  adherent,  while  ARCaPE  cells  are  compact  and 
interact  physically  with  few  of  the  bone  stromal  fibroblast  (Figure  2D).  Taken  together,  these  results 
demonstrate  that  ARCaPM  cells  re-express  E-cadherin  when  grown  with  bone  stromal  cells  for  longer  periods. 
Additionally,  ARCaPE  cells  which  have  high  levels  of  E-cadherin  gain  enhanced  growth  and  self-renewal 
ability  when  cocultured  with  bone  stromal  cells. 
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Figure  2.  ARCaPE  cells  show  a  growth  and  colony  forming  capacity  advantage  in  presence  of  HS-27a  cells.  (A) 
ARCaPM  cells  were  cocultured  in  the  presence  of  GFP-HS-27a  cells  over  a  6-day  period.  Growth  of  RFP. 
ARCaPE  or  ARCaPM  human  prostate  cancer  cells  was  assessed  by  RFU  (relative  fluorescent  units)  in  the 
presence  cocultures  over  a  6-day  period.  Results  are  means  +  SE  of  three  independent  experiments.  *P  ,  0.05 
(students  t-test)  compared  to  cell  number  at  day  1  +SEM  (B)  Clongenic  colony  forming  capacity  of  ARCaPE  and 
ARCaPM  prostate  cancer  cell  after  coculture  ±SEM.  ARCaPM  data  was  normalized  to  ARCaPM  control,  and 
ARCaPEdata  was  normalized  to  ARCaPE  control.  (C)  ARCaPE  or  ARCaPM  cells  were  cocultured  with  HS-27a 
cells.  Shown  are  phase  contrast  images  of  colonies  formed  in  the  clongenic  assay. 


Stromal  Cells  Influence  Radiation  Treatment  in  Prostate  Cancer  cells 


Mesenchymal  cancer  cells  have  been  thought  to  be  more  tumorigenic,  aggressive  and  resistant  to  treatments 
when  compared  to  epithelial  cancer  cells  [15].  A  similar  trend  was  observed  in  both  ARCaPE  and  ARCaPM 
cells  after  (4  Gy)  irradiation  treatment.  ARCaPM  homotypic  cancer  cells  are  more  resistant  to  radiation 
treatment  compared  to  ARCaPE  homotypic  cancer  cells  (Figure  3A).  However,  ARCaPM  co-cultures  did  not 
affect  the  radiation  sensitivity  of  ARCaPM  cancer  cells.  The  highly  sensitive  ARCaPE  cells  exhibit  a  significant 
increased  resistance  to  radiation  therapy,  up  to  3  fold,  as  result  of  their  interaction  with  bone  stromal  cells 

Figure  3 

a  B. 

A. 


ARCaPM  ARCaPt 


c. 


Figure  3.  Cocultured  ARCaPE  cells  gain  cell  colony  forming  capacity  and  radiation  resistance 
when  grown  with  bone  and  prostrate  stromal  cells.  (A)  ARCaPE  or  ARCaPM  co-cultured  cells 
were  irradiated  24  hrs  after  coculture  with  HS-27a  cells  and  cancer  cell  colony  forming  capacity 
was  assayed  using  clongenic  assay.  Results  are  means  +  SE  of  three  independent  experiments. 
ARCaPM  experimental  data  normalized  to  ARCaPM  control  and  ARCaPE  experimental  data 
normalized  to  ARCaPM  control  (B).  ARCaPE  cocultured  with  prostate  fibroblasts  Pt-C  (Cancer 
associated  fibroblast)  or  Pt-N  (Normal  fibroblast)  were  irradiated  and  compared  to  non-irradiated 
co-cultures.  Cell  colony  forming  capacity  was  assayed  by  clongenic  assay.  Data  normalized  to 
ARCaPE  control  levels.  (C)  ARCaPM  cocultured  with  Pt-C  or  Pt-N  were  irradiated  and  compared 
to  non-irradiated  co-cultures.  Cell  colony  forming  capacity  was  assayed  by  clongenic  assay.  Data 
normalized  to  ARCaPM  control  levels 


(Figure  3A,  p<0.01).  To  further  assess  the  role  of  the  prostate  stroma  on  tumor -interactions  influencing 
ARCaP  cellular  behavior,  we  co-cultured  paired  prostate  fibroblast  cells  isolated  either  from  normal  (Pt-N)  or 
cancer  associated  regions  (Pt-C)  [16].  Again,  ARCaPE  cells  co-cultured  with  (Pt-N)  or  (Pt-C)  exhibited  a  7- 
fold  and  8-fold  increase  in  colony  formation,  respectively  (Figure  3B,  p<0.01).  We  also  saw  a  similar  trend  in 
a  growth  analysis  assay  (data  not  shown).  However  when  measuring  clongenic  ability  after  radiation 
treatment,  ARCaPE  cells  co-cultured  with  either  Pt-N  or  Pt-C  had  increased  radiation  resistance,  with  a  2-fold 
difference  observed  between  homotypic  cultured  cells.  Although  a  significant  increase  in  clongenic  formation 
was  observed  in  Pt-C  versus  Pt-N  cocultures  (p<0.05),  this  did  not  significantly  effect  of  the  radiation 
sensitivity  of  ARCaPM  cells  (Figures  3C).  Taken  together,  both  bone  and  prostate  stroma  have  an  inductive 
effect  on  ARCaPE  cancer  cells  and  mediate  radiation  resistance  (up  to  2-3  fold)  in  epithelial  cancer  phenotype, 
but  not  in  ARCaPM  mesenchymal  cancer  cells. 

Figure  4 
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Figure  4  Effect  of  Anti-E-cadherin  antibody  on  tumor-stroma  interactions.  A.  ARCaPM  and  ARCaPE 
cells  were  pre-treated  with  Anti-E-cadherin  antibody  (SHEP8-7),  cocultured  with  HS-27a  stromal  cells 
for  24  h  and  radiated  with  4  Gy.  Cell  colony  forming  capacity  was  assayed  using  clongenic  assay. 
ARCaPM  data  normalized  to  ARCaPM  control  levels,  and  ARCaPE  data  normalized  to  ARCaPE  control 
levels. 

Blocking  Adhesive  contact  effects  Radiation  Sensitivity  of  Co-cultured  ARCaP  cells 


The  importance  of  cell  adhesion  (i.e.  cell-cell  and  cell-ECM  adhesion)  on  the  survival  of  disseminated  cancer 
cells  has  been  well  documented  as  a  requirement  for  colonization  and  survival  within  the  metastatic 
microenvironment  [17-19].  Therefore  we  utilized  a  well  known  E-cadherin  blocking  antibody  (SHEP8-7)  and 
a  pan-integrin  antibody  (CNT095)  that  targets  human  alpha-v-integrin,  and  also  was  shown  to  block  prostate 
tumor  growth  within  bone  [20].  Since  ARCaPE  cells  express  high  levels  of  the  epithelial  marker  E-cadherin, 


and  ARCaPM  cells  can  be  microenvironmentally  induced  to  express  E-cadherin,  we  tested  whether  either  of 
these  blocking  antibodies  would  affect  the  colony  forming  ability  of  either  ARCaPE  and  ARCaPM  bone  stroma 
cocultured  cells.  Pretreatment  with  E-cadherin  antibody  did  not  affect  the  colony  forming  capacity  of  either 
ARCaPE  or  ARCaPM  homotypic  cultured  cells,  however  significantly  reduced  the  ability  of  ARCaPM  (p<0.001) 

Figure  5 
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Figure  5  Effect  of  Anti-alpha  v  integrin  (CNT095)  on  tumor-stroma  interactions.  ARCaPM  and  ARCaPE>  cells 
were  pre-treated  with  CNT095  antibody  were  cocultured  with  HS-27a  stromal  cells  for  24  h  and  radiated  with 
4  Gy.  Cell  colony  forming  capacity  was  assayed  using  clongenic  assay.  ARCaPM  data  normalized  to  ARCaPM 
control  levels,  and  ARCaPE  data  normalized  to  ARCaPE  control  levels. 


and  ARCaPE  (p<0.01)  coultured  cells  to  form  colonies  (Figure  4).  Additionally,  E-cadherin  blocking  antibody 
pretreatments  further  increased  sensitivity  to  radiation  treatment  of  ARCaPM  cells  in  homotypic  and  co-cultured 
conditions,  similarly  (p<.0.01).  E-cadherin  blocking  antibody  pretreated  ARCaPE  cells  showed  the  most 
significant  increased  sensitivity  to  radiation  treatment  in  homotypic  compared  cocultured  conditions  (p<0.001), 
however  a  significant  reduction  in  colony  formation,  to  a  lesser  extent,  was  observed  in  ARCaPE  cocultured 
cells  (Figure  4,  p<0.01).  Therefore,  targeting  E-cadherin  limited  both  epithelial  and  mesenchymal  cells  ability 
to  form  colonies  after  coculture  with  bone  stromal  cells. 

To  determine  the  influence  of  intergin  alpha  v  cell  adhesion  with  bone  microenvironment,  we 
performed  similar  clongenic  formation  assay.  Pretreatment  with  CNT095  antibody  significantly  decreased  the 
clongenic  ability  of  both  ARCaPM  and  ARCaPE  cells  in  homotyic  cultures  (Figure  5,  p<  0.001).  Additionally, 
CNT095  significantly  decreased  bone  stroma  induced  radiation  resistance  in  cancer  cells  in  both  ARCaPM 
(p<0.001)  and  ARCaPE  (p<0.001)  cancer  cells,  with  the  most  significant  reduction  in  cocultured  conditions 
(p<0.001)  (Figure  5).  Taken  together,  these  results  suggest  that  bone  stroma  induced  radiation  resistance  is 
mediated  through  both  E-cadherin  and  integrin  alpha  v  beta  signaling  in  epithelial  and  mesenchymal  cells. 


Thus,  E-cadherin  and  integrin  alpha  v  beta  appear  to  present  novel  targets  for  metastatic  and  radiation  resistant 
cells. 


Aims  2  and  3  Kaiso  Expression  in  Relationship  to  E-cadherin  expression.  Completed  during  years  2  and 
3  of  the  Award  ( Final  Publication  included  in  Appendix ) 


Kaiso  expression  and  subcetiular  localization. 

To  evaluate  the  expression  and  localization  of  Kaiso  during  prostate  cancer  progression, 
immunohistochemistry  was  used  to  evaluate  samples  from  172  patients,  consisting  of  normal  tissue  (9 
patients),  benign  prostatic  hyperplasia  (14  patients),  adjacent  normal  tissue  (17  patients),  primary  tumors  (142 
patients),  and  metastases  (6  patients).  There  was  low  expression  of  the  Kaiso  protein  in  luminal  cells  of  non- 
cancerous  samples  (Fig  6,  panel  A);  expression  was  predominantly  in  the  membrane  or  cytoplasm  (Fig  6, 
panels  B  and  C).  There  was,  however,  nuclear  expression  of  Kaiso  in  the  basal  cells  of  adjacent  normal  tissue 
(panel  B). 


Figure  6 


Fig  6  -Abnormal  nuclear  expression  of  Kaiso  in  Prostate  Cancer  Specimens.  Representative 
data  from  imunohistochemical  studies  of  172  PCa  specimens  are  shown.  A,  Kaiso  levels  in  a 
normal,  healthy,  prostate,  with  low  staining  seen  in  glandular  epithelia.  B,  Kaiso  expression  in 
normal  epithelia  from  adjacent  PCa  tumors,  shows  discernible  cytoplasmic  staining  in 
epithelia,  and  nuclear  positivity  in  the  basal  cells.  C,  Kaiso  expression  in  Benign  Prostatic 
Hyperplasia  (BPH)  show  cytoplasmic  with  low  nuclear  positivity.  D,  Kaiso  expression  in  low 
Grade  1  tumors  exhibited  a  general  up-regulation  of  Kaiso  expression  with  cytoplasmic  and 
nuclear  positivity.  E-F,  High  Grade  4  and  lymph  node  metastasis  exhibited  uniform  intense 
nuclear  expression  of  Kaiso.  All  images  were  taken  at  a  400X  magnification. 


In  contrast  to  previous  reports,  Kaiso  expression  was  observed  within  the  nucleus,  with  weak  to  moderate 
expression  in  tumors  with  low  Gleason  scores  (panel  D),  and  strong,  intense  expression  in  tumors  with  high 
Gleason  scores  and  in  metastases  (panels  E  and  F).  Nuclear  expression  of  Kaiso  was  found  to  significantly 

Figure  7 


Fig  7  -  Quantitative  Analysis  of  Nuclear  Kaiso  in  Prostate  Tumor  Progression.  A,  nuclear 
expression  of  Kaiso  was  analyzed  and  presented  in  box  plot.  Nuclear  Kaiso  levels  increase 
monotonically  from  normal,  BPH,  adjacent  normal,  primary  tumor,  and  metastasis,  with  all 
four  p-values  less  than  0.05.  (Normal  and  BPH  is  p=0.016;  BPH  and  adjacent  normal  is 
p=0.01;  adjacent  normal  and  malignant  is  less  than  p<0.0001;  malignant  and  metastasis 
p<0.0001).  B,  Points  represent  nuclear  Kaiso  staining  intensity  of  individual  African- 
American  and  Caucasian  patients  of  similar  age  (67-80)  and  grade  3;  bars  represent  the 
median  value  for  the  sample  set.  (p<  .0001).  C,  Cytoplasmic  Kaiso  expression  and  I).  Nuclear 
Kaiso  expression  in  paired  (surrounding  non-tumor)  normal  and  primary  tumor  tissues  from 
n=13  prostate  cancer  patients. 


correlate  with  tumor  grade  >  2  (p  <0.001)  and  Gleason  score  >7  (p  <0.001)  (Table  1).  Cytoplasmic  expression 


was  observed  in  tumors  samples,  however  correlations  with  clinicalpathological  features  were  not  found  to  be 
significant.  Increased  nuclear  expression  occurred  in  a  stage-specific  manner,  with  the  largest  differential 
expression  between  metastatic  tumors  and  normal  samples,  however  difference  between  primary  tumors  and 
normal  samples  were  significant  as  well.  (Fig  7A).  Further  characterization  of  nuclear  Kaiso  expression  in  high 
grade  of  similar  age  African-Americans  ( n-22 )  and  Caucasian  (n=18)  primary  tumors,  show  that  African- 
American  patients  express  higher  mean  values  of  Kaiso  (p  <0.0001):  independent  of  grade  and  age  (Fig  7B). 
Further  Kaiso  nuclear  expression  significantly  correlated  with  race  (p=.0032)  (Table  2). 

To  determine  if  there  is  a  shift  in  Kaiso  localization  in  prostate  tumors,  matched  normal  and  tumor 
samples  were  evaluated  (n=13).  Cytoplasmic  expression  was  significantly  decreased  in  paired  primary  tumors 
compared  to  normal  samples  (p<0.0001)  (Fig  7C);  however  there  were  significant  increases  in  nuclear 
expression  within  the  same  patients  (p<0.0001)  (Fig  7D).  This  analysis  supports  the  idea  that  there  is  a 
progressive  enhancement  of  abnormal  Kaiso  expression  during  prostate  cancer  progression  and  that  the  extent 
of  abnormal  expression  correlates  with  progression. 

Table  1  Correlation  of  Kaiso  subcellular  localization  with  Clinical  Features 


Characteristics 

All 

patients 

Cytoplasmic  Kaiso  Expression 

Pt 

Nuclear  Kaiso  Expression 

<0.53(median)  >0.53 

<2.45(median)  >2.45 

Total 

142 

70  72 

73  69 

Age 

<69.5(median) 

71 

27 

44 

0.0072 

35 

36 

>69.5 

71 

43 

28 

38 

33 

Grade 

<2 

70 

39 

31 

0.1066 

57 

13 

>2 

69 

29 

40 

13 

56 

Gleason  score 

<7 

52 

20 

32 

0.6394 

29 

23 

>7 

50 

17 

33 

10 

40 

PSA(ngmL) 

<17(median) 

15 

4 

11 

0.1587 

3 

12 

>17 

15 

5 

10 

8 

7 

t  P  value  for  the  correlation  of  mean  expression  with  clinical  feature,  p  values  were  obtained  with  the  y2test 
’Statistics  were  not  preformed  on  samples  without  clinical  information. 


Table  2:  Correlation  of  nuclear  Kaiso  expression  and  clinical  features  in  40  patients  with  prostate  cancer 


AD  patients 

Nuclear  Kaiso  Expression 

Pt 

<1.87(median) 

>1.87 

Total 

40 

23 

23 

Age 

<73(median) 

19 

11 

8 

0.555 

>73 

21 

9 

12 

African  American 

22 

6 

16 

0.0032 

Caucasian 

18 

12 

6 

Expression  and  Subcellular  Localization  of  Kaiso  in  Prostate  Cancer  Cell  Lines 


Figure  8 
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Figure  8.  Endogenous  Kaiso  Expression  and  Localization  in  Prostate  cancer 
progression  model.  (A)  qRT-PCR  analysis  were  used  to  compare  the  mRNA  level  of 
Kaiso  in  DU- 145,  DU- 145  WT  (EGFR  overexpressing),  and  PC-3  cells.  HRPT1  was  used 
as  loading  control.  (B)  Immunofluorescence  was  utilzed  to  determine  Kaiso  localization 
in  DU- 145,  DU- 145  WT,  and  PC-3  cells.  Anti-Kaiso  6F8  was  utilized  as  primary  antibody. 
Anti-Mouse  HRP  Anti-Mouse  Alexa  488  was  utilized  as  secondary  antibody  (Green). 
Dapi  was  utilzed  as  nuclear  counter  stain  (Blue).  (C)  whole  cell  lysate  and  cytosolic  and 
nuclear  fractions  were  isolated  by  sequential  extraction.  As  a  loading  control  for  the 
nuclear  extracts,  TFTTD  was  used,  and  B-action  used  as  a  loading  control  for  the  whole¬ 
cell  lysates  and  cytosolic  fraction. 


Since  there  have  been  no  reports  of  Kaiso  expression  in  prostate  cancer  cell  lines,  its  expression  and 
localization  were  evaluated  in  LnCaP,  DU-145  and  PC-3  cells,  and  in  a  DU-145  subline  (DU-145WT)  that  was 
genetically  engineered  to  over-express  EGFR.  DU- 145  WT  cells  escape  EGFR  down -regulation  and 
demonstrate  enhanced  invasiveness  in  vitro  12  and  in  vivo  13.  qRT-PCR  show  that  Kaiso  levels  were  elevated  at 
the  mRNA  in  DU-145  WT  and  PC-3  cells  compared  to  LnCaP  and  DU-145  cells  (Supplemental  Fig  8A). 
Confocal  images  show  that  Kaiso  is  located  in  both  the  cytoplasmic  and  nuclear  compartments  in  all  cell  lines., 
However,  the  more  aggressive  DU-145WT  and  PC-3  cells  showed  increased  presence  of  nuclear  expression 
compared  to  LnCaP  and  DU-145  cells  (Fig  8B),  which  was  verified  after  quantification  of  fluorescent  intensity 
in  each  compartment  (Fig  8C).  The  influence  of  EGFR  expression  on  Kaiso  localization  was  further 


demonstrated  by  the  fact  that  subcellular  fractions  of  DU- 145  WT  cells  show  elevated  nuclear  expression,  while 
DU- 145  cells  exhibit  low  amounts  of  nuclear  levels,  which  correlated  with  the  confocal  images  (Supplemental 
Figure  8B).  Thus,  it  appears  that  the  subcellular  localization  of  Kaiso  is  associated  with  EGFR  expression. 

Activation  of  EGFR  signaling  results  in  increased  Kaiso  expression  and  nuclear  localization. 

Various  lines  of  evidence  suggest  the  involvement  of  EGFR  signaling  in  prostate  cancer  14,  15.  To 
identify  EGFR  as  an  upstream  regulator  of  Kaiso,  10  ng/ml  EGF,  a  concentration  showing  most  significant  fold 
increase  (data  not  shown),  was  utilized  in  a  time-dependent  assay  over  24  hours.  DU-145,  DU-145  WT,  and 
PC-3  lines  showed  incremental  increases  in  Kaiso  expression  at  the  RNA  level;  DU145WT  cells  show  the 
greatest  increase  (4-fold)  as  early  as  1  hour  after  EGF  stimulation  (Fig  9A).  Increases  in  Kaiso  expression  were 
also  observed  at  the  protein  level,  as  determined  by  immunoblots,  with  significant  increases  observed  as  early 
as  6  hours  and  sustained  over  24  hours  of  exposure  to  EGF  (Fig  9C). 


Since  we  observed  that  increases  in  Kaiso  expression  are  associated  with  a  subcellular  localization 
pattern  in  our  patient  cohort,  we  further  determined  if  EGFR  induced  increases  in  Kaiso  expression,  coincided 


Figure  9 
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Fig  9  EGF  induces  Kaiso  expression  and  cytoplasmic  to  nuclear  localization  in  Prostate  Cancer  Cell 
lines.  DU-145,  DU-145  WT,  and  PC-3  prostate  cancer  cell  lines  were  treated  with  lOng/mF  of  EGF  for 
0,  1,6,  24  hours  and  assayed  for  A,  mRNA  Kaiso  levels  by  qRT-PCR  with  Kaiso-specific  TaqMan 
primers  and  HPRT1  as  the  loading  control  .  Data  is  normalized  to  control;  n  =  4  +  s.e.  B,  Kaiso  protein 
levels  in  whole  cell  lysates  by  immunoblot  utilizing,  anti-Kaiso  antibody  and  anti-P-actin  antibody  as 
loading  control.  Images  shown  are  representative  of  three  individual  experiments.  Densitometry  was 
performed  on  individual  time  intervals  and  compared  to  control.  C,  Kaiso  subcellular  localization 
(Green)  was  determined  by  immunofluorescence.  Note  the  colocalization  of  Kaiso  in  nucleus  (Green) 
with  nuclear  stain  Dapi  (Blue)  after  EGF  treatment  in  DU- 145  cell.  Images  shown  are  representative  of 
three  individual  experiments  (Bar,  25  pM).  D.  Bar-graph  quantification  of  Kaiso  intensity  in  the 
individual  cytoplasmic  and  nuclear  compartments  of  DU- 145  cells  treated  with  lOng/ml  of  EGFR 
compared  to  untreated  control.  Data  is  normalized  to  control;  n  =3  ±  s.e  *p<0.05.  Kaiso  mRNA  levels, 
was  determine  by  qRT-PCR,  in  the  presence  or  absence  of  lOng/ml  EGF  or  EGFR  specific  kinase 
inhibitor,  PD153035,  in  DU-145  WT  and  PC-3  cells  utilizias  the  loading  control.  Data  was  normalized  to 
control.  F,  Kaiso  protein  levels  were  determine  by  immunoblot  in  the  cytoplasm  and  the  nucleus  in  the 
presence  or  absence  of  lOng/ml  EGF  or  EGFR  specific  kinase  inhibitor,  PD153035,  in  DU-145  WT  and 
PC-3  cells,  p-actin  served  as  loading  control.  Images  shown  are  representative  of  three  individual 
experiments,  ng  Kaiso  specific  TaqMan  primers  and  HPRT1 


with  a  subcellular  localization  in  our  cell  culture  model.  After  only  0.5  hours,  EGF  caused  perinuclear 
accumulation  of  previously  dispersed  Kaiso  in  DU-145  cells,  with  visible  nuclear  accumulation  at  1  hour.  After 
24  hours  significant  increases  in  both  cytoplasmic  and  nuclear  expression  was  observed,  although  nuclear 
expression  was  the  most  significant  (Fig  9B).  DU-145WT  and  PC-3  cells,  which  endogenously  express  high 
levels  of  nuclear  Kaiso,  demonstrated  similar  trends  as  DU- 145  cells.  Both  cytoplasmic  and  nuclear  Kaiso 
expression  increased  upon  exposure  to  EGF,  however  nuclear  expression  remained  significantly  higher 
throughout  the  exposure  times  periods.  To  more  clearly  define  the  role  of  EGFR  activation  on  increases  in 
Kaiso  expression  and  localization,  we  utilized  an  EGFR-specific  kinase  inhibitor,  PD153035  (500  nM),  in  the 
presence  or  absence  of  EGF.  PD153035  significantly  reduced  mRNA  Kaiso  expression  levels  even  after  EGF 
pretreatment  (Fig  9  D).  After  subcellular  fractionation  and  subsequent  immunoblot  of  both  DU- 145  WT  and 
PC-3  cells,  we  also  observed  that  PD  153035  significantly  reduced  expression  of  Kaiso  in  the  cytoplasmic  and 
nuclear  compartments  (Fig  9  E,F),  which  is  a  reversal  of  the  expression  pattern  observed  in  endogenously 
expressing  and  EGF  treated  DU- 145  WT  and  PC-3  cells.  Thus,  EGFR  signaling  positively  affects  Kaiso 
expression  and  subcellular  localization. 


Mediation  by  p!20ctn  of  EGFR  Induced  Cytoplasmic-to-Nuclear  Localization  of  Kaiso 


Figure  10 
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Fig  10.  pl20ctn  is  required  for  EGF  induced  nuclear  localization  of  Kaiso.  A,  Activation  of  EGFR 
pl20ctn  tyrosine  resides,  Y228  and  Y96  (Green)  was  determined  by  immunofluorescence  utilizing 
specific  antibodies  to  pl20ctn  tyrosine(s)  Y228,  and  Y96.  Images  shown  are  representative  of  three 
individual  experiments.  B,  DU-145  and  DU-145  WT  cells  were  treated  with  lOng/ml  for  indicated 
time  points  and  whole-cell  lysates  were  immunoblotted  for  total  pl20ctn  with  p-actin  served  as 
loading  control.  Ci,  pl20ctn  siRNA  were  exposed  to  DU-145  cells  for  24  h  and  compared  to  the 
scrambled  (si-Scr)  control  siRNA  Cii,  si-pl20ctn  pretreated  cells  were  subsequently  treated  with 
lOng/ml  of  EGF  treatment  for  24hrs  and  analyzed  for  Kaiso  subcellular  localization  after  24hr  by 
immunofluorescence  utilizing  anti-Kaiso  antibody.  Bar,  25  pM.  D,  relative  intensity  of  fluorescence 
of  the  entire  cell  was  measured  in  the  cytoplasmic  and  nuclear  subcellular  compartments  and 
quantified  utilizing  Metamorph  imaging  software. 

pl20ctn  has  been  demonstrated  to  specifically  interact  with  Kaiso  [4,  5,  25],  however  this  has 
primarily  been  observed  in  the  nucleus,  where  pl20ctn  inhibits  Kaiso  DNA  binding  [4,  26].  pl20ctn 
contains  multiple  tyrosine  residues  located  within  its  regulatory  domain.  Of  these  EGFR  has  been 
demonstrated  to  have  specific  phosphorylation  of  tyrosine  Y228  [27],  however  a  direct  link  between 
EGFR  activation  of  pl20ctn  and  Kaiso  localization  has  not  been  demonstrated.  Therefore,  we  sought  to 
determine  if  cytoplasmic  pl20ctn  mediates  Kaiso  nuclear  localization.  As  determined  by 
immunofluorescence,  EGF  induced  the  activation  of  full-length  pl20ctn  as  well  as  expression  of 


phosphorylated  Y228  and  Y96  (Fig  10A),  which  was  maintained  in  the  cytoplasm  after  24  hours.We  did 
not  detect  any  levels  of  Y291  before  or  after  EGF  treatment  (data  not  shown).  In  both  DU- 145  and  DU- 
145WT  cells,  EGF  stimulation  also  resulted  in  time -dependent  decreases  in  total  pl20ctn  expression 
(Figure  10B),  which  correlates  with  decreased  pl20ctn  observed  in  prostate  tumors  [28]. 

To  determine  if  pl20ctn  is  required  for  EGFR-induced  Kasio  nuclear  shuttling,  siRNA-pl20ctn 
transfection  was  used  to  reduce  pl20ctn  expression  (Fig  lOCi).  Subsequently,  siRNA  pl20ctn  transfected 
DU-145  or  scramble-transfected  cells  were  treated  with  EGF  for  24  hours.  siRNA  pl20ctn  transfected 
DU- 145  cells  failed  to  exhibit  nuclear  Kaiso  expression  over  a  24-hour  period  of  EGF  stimulation 
compared  to  scramble-transfected  cells,  which  showed  nuclear  Kaiso  (Fig  lOCii).  Further,  quantification 
of  fluorescent  intensity  of  Kaiso  expression  revealed  that  Kaiso  localization  remained  cytoplasmic  in  si- 
pl20  treated  cells,  compared  to  predominantly  nuclear  expression  in  scramble -treated  cells,  after  exposure 
to  EGF  (Fig  10D).  These  findings  suggest  the  important  role  for  pl20ctn  in  Kaiso  nuclear  localization,  and 
highlight  a  novel  signaling  cascade  that  regulates  Kaiso  subcellular  localization  in  prostate  cancer  cell 
lines. 
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Fig  1 1.  Kaiso  is  required  for  EGF  induced  cell  migration  and  invasion.  A,  shRNA 
Kaiso  downregulated  Kaiso  levels  at  mRNA  as  determined  by  qRT-PCR  with  Kaiso 
specific  TaqMan  primers  and  HPRT1  as  the  loading  control  or  protein  levels  by 
immunoblot.  p-actin  served  as  loading  control  B.  shRNA  DU- 145  or  PC-3  cells 
were  wounded  and  treated  with  EGF  for  24  hours.  Blue  vertical  bars  indicate  the 
starting  area  migration  on  Day  0.  Photos  were  taken  at  100X  magnification  and  DU- 
145  images  serve  as  representative  images  of  both  DU- 145  and  PC-3  cell  lines.  C, 
Quantification  of  area  migrated  in  presence  or  absence  of  EGF  stimulation  in 
shRNA  DU-145  or  PC-3  cells  compared  to  scrambled  control  si-Scr  show  that 
Kaiso  depletion  significantly  decreased  cell  migration.  Data  was  normalized  to 
control  (red  bar).  C,  shRNA  DU-145  and  PC-3  cells  were  plated  on  Matrigel-coated 
filters  and  the  invasive  cells  were  fixed,  stained  with  crystal  violet,  and  counted. 
shRNA  Kaiso  cells  show  decreased  invasiveness  compared  to  sh-Scr  and  controls. 

All  data  presented  are  the  mean  of  three  independent  experiments  +s.e.*P<0.05. 

Promotion  by  Kaiso  of  EGFR-Induced  Prostate  Cancer  Cell  Migration  and  Invasion  To  further  define  the 
function  of  Kaiso  in  prostate  cancer  cells,  DU- 145  and  PC-3  cells  were  stably  transduced  with  a  plasmid  vector 
containing  the  sh-Kaiso  silencing  sequence  (Fig  11  A).  Both  sh-Kaiso  DU-145  and  sh-Kaiso  PC-3  clones 
exhibited  delayed  migration,  even  in  the  presence  of  EGF  stimulation,  as  measured  by  wound-healing  assays 
(Fig  1 1  B,C).  These  results  show  that  Kaiso  is  a  mediator  of  EGFR-induced  migration  of  prostate  cancer  cells. 
For  cancer  cells  to  invade  surrounding  tissue,  the  cells  must  degrade  the  underlying  basement  membrane.  To 
determine  the  function  of  Kaiso  in  invasion  by  prostate  cancer  cells,  sh-Kaiso  PC-3  and  sh-DU-145  were 


seeded  onto  a  filter  coated  with  Matrigel  and  compared  to  cells  exposed  to  the  vector  only.  Suppression  of 
endogenous  Kaiso  expression  resulted  in  inhibition  of  cell  invasion,  resulting  in  a  reduction  in  the  ability  of  the 
cells  to  invade  through  Matrigel  (Fig  1 1  D). 


Figure  12 


Fig  12.  Kaiso  regulates  E-cadherin  expression.  A,  E-cadherin  mRNA  levels  was 
determined  by  qRT-PCR  in  sh-Kaiso  PC-3  cells,  sh-Scr  (vector  only)  and  control 
cell  treated  with  demethylating  agent,  5-aza-2'-deoxycytidine  (5-aza)  utilizing  E- 
cadherin  TaqMan  specific  primer  with  HPRT1  as  the  loading  control.  Data  was 
normalized  to  control  (n=4)  +  s.e.  B,  sh-Kaiso  PC-3  cells,  sh-Scr  (vector  only)  and 
control  lysates  were  immunoblotted  with  an  anti-E-cadherin,  anti-N-cadherin 
antibody,  anti-fibronectin  antibody,  and  anti-pl20ctn  antibody,  p-actin  served  as 
loading  control.  Shown  is  one  of  two  representative  blot  series.  C.  Chromatin 
sample  from  PC-3  cells  was  subjected  to  ChIP  by  mouse  IgG  (lane  1)  and  specific 
antibodies  against  RNA  pol  II  (lane  2)  and  Kaiso  (6F/6F8,  ChIP  grade,  Lane  3). 
Mouse  IgG  was  used  as  a  negative  control.  Lane  4  was  no  DNA  negative  control. 
ChIP  products  were  analyzed  by  real-time  PCR  specific  E-cadherin  primer  set  (- 
1290  to-1570)  to  amply  methylated  region.  D,  E-cadherin  and  pl20ctn  localization 
was  determined  by  immunofluorescence  in  sh-Kaiso  or  sh-Scr  PC-3  cells  utilizing 
anti-E-cadherin  (Red)  and  Dapi  nuclear  stain  (Blue).  Arrows  indicate  E-cadherin 
staining  at  cell-cell  junctions.  DIC  images  demonstrate  an  altered  cellular 
morphology  in  sh-Kaiso  PC-3  compared  to  sh-Scr  PC-3  cells  (Bar, 25  pM). 


Repression  of  E-cadherin  by  Kaiso  in  prostate  cancer  cells 

In  various  cancer  types,  increased  cell  migration  and  invasion  has  been  attributed  to  growth  factor 
induced  loss  of  E-cadherin  or  to  hypermethylation  of  the  E-cadherin  promoter  [16,  17].  Since  Kaiso  has  high 
affinity  for  methylated  dinucleotide  sequences  and  is  regulated  by  EGFR,  we  next  sought  to  determine  if 
suppression  of  Kaiso  restored  E-cadherin  expression  in  sh-Kaiso  PC-3  cells.  Control  PC-3  cells  and  vector  only 
cells  show  no  E-cadherin  expression,  as  previously  reported  [17].  sh-Kaiso  PC-3  cells,  however,  show  8-fold 
increased  expression  of  E-cadherin  mRNA,  as  measured  by  qRT-PCR.  Furthermore,  the  level  of  re-expression 
was  comparable  to  that  of  PC-3  cells  exposed  to  the  demethylating  agent,  5-aza-2'-deoxycytidine  (5-aza)  (Fig 
12A).  There  was  also  an  increase  in  epithelial  markers  E-cadherin  and  pl20ctn  expression,  and  a  decrease  in 
mesenchymal  markers  N-cadherin  and  fibronectin  expression  at  the  protein  level,  as  determined  by 
immunoblots  (Fig  12B).  To  determine  whether  Kaiso  directly  binds  to  E-cadherin  we  performed  ChIP  assay. 
Immunoprecipitated  DNA  was  incubated  with  anti-Kaiso  antibody,  anti-RNA  pol  II  (positive  control)  or  IgG 
antibody  (negative  control),  and  subjected  to  PCR  with  specific  primers  designed  to  amplify  the  Kaiso 
(mCGmCG)  binding  sites  in  the  E-cadherin  promoter  region.  Our  results  show  that  the  Kaiso  antibody  (not 
negative  control  IgG  antibody)  enriched  a  mCGmCG  fragment  within  the  E-cadherin  promoter  (Fig  12C). 
These  results  demonstrate  that  Kaiso  can  bind  to  directly  to  methylated  regions  in  the  E-cadherin  promoter  in 
PC-3  cells.  It  is  well  recognized  that  membrane  expression  of  E-cadherin  regulates  cell  polarity  and  increases 
cell-cell  cohesiveness  limiting  the  migratory  ability  of  tumor  cells  [10,  19].  Therefore  we  performed 
immunofluorescence  for  E-cadherin  and  pl20ctn  in  sh-Kaiso  PC-3  cells,  compared  to  vector  only  sh-Scr  PC-3 
cells.  sh-Kaiso  cells  exhibited  E-cadherin  at  cell -cell  contacts  as  well  as  increased  pl20ctn,  which  is  rate 
limiting  for  E-cadherin  stability  [20,  21],  at  the  cellular  membrane  (Fig  12D).  Furthermore,  sh-Kaiso  PC-3  cells 
also  exhibited  more  of  an  epithelial  morphology  compared  to  the  mesenchymal  morphology  exhibited  by  sh- 
Scr  PC-3  cells  (Fig  12C).  Collectively,  these  results  suggest  that  EGFR -regulated  expression  and  subcellular 
re -localization  of  Kaiso  promotes  methylation-related  gene  silencing  of  E-cadherin. 

CONCLUSION 

Collectively,  these  studies  in  highlight  the  influence  of  the  tumor  microenvironment  on  prostate  cancer 
progression  and  suggest  that  tumor  cell  plasticity  is  necessary  to  successfully  complete  the  step  of  metastasis. 
Furthermore  these  studies  highlight  Kaiso  cytoplasmic-to-nuclear  localization,  which  correlates  with  many 
clinicopathological  features  of  aggressive  prostate  cancer  progression,  is  responsible  for  hypermethylation 
induced  epithelial-to-mesenchymal  transition  associated  plasticity.  The  fact  that  we  found  that  Kaiso  is 
regulated  through  EGFR  activity  provides  additional  mechanistic  insight  into  the  underlining  signaling 
pathway  that  apparently  mediates  this  process.  Because  a  large  number  of  tumor/metastasis  suppressor  genes 
are  silenced  as  a  result  of  methylation,  Kaiso  could  be  a  central  regulator  of  many  key  events  that  contribute  to 
tumorigenesis  and  aggressiveness.  Targeting  of  growth  factor  receptors  has  shown  minimal  therapeutic  effects 


for  prostate  cancers,  however  targeting  of  downstream  mediators,  such  as  Kaiso,  could  be  a  rational  approach 
for  developing  a  new  target  for  directed  therapies. 


MATERIALS  AND  METHODS 


Cell  culture,  antibodies  and  reagents. 

Human  prostate  cancer  cell  lines  DU- 145  and  PC-3  were  obtained  from  the  ATCC  and  were  routinely  cultured 
in  DMEM  medium  supplemented  with  10%  FBS  (Gibco,  Paisley,  Scotland),  and  antibiotics  in  a  humidified 
atmosphere  of  5%  C02  in  air.  In  these  conditions  the  duplication  period  of  the  cells  is  36  h. 

DU-145  EGFR  overexpressing  cells  (DU-145  WT)  were  generated  by  transfecting  DU-145  cells  with 
retro  viral -containing  EGFR  constructs  [44].  Primary  antibodies  were  obtained  as  follows:  Kaiso  6F  clone 
(Abeam,  Boston,  Massachusetts);  pl20ctn,  E-cadherin,  N-cadherin  and  those  for  tyrosine  residues  Y228,  Y96, 
Y290  of  pl20ctn  (BD  Biosciences  ,  Oregon).  Mouse  secondary  antibodies,  Alexa  488,  594,  and  625,  were 
obtained  from  Invitrogen  (Oregon).  Human  EGF  was  obtained  from  BD  Biosciences  (Kentucky).  The  EGFR- 
specific  tyrosine  kinase  inhibitor,  PD153035,  was  purchased  from  CalBiochem  (California).  Other  reagents 
were  obtained  from  Sigma  (Missouri). 

The  human  prostate  cancer  cell  lines,  ARCAPE,  ARCaPM,  and  the  HS-27a  bone  stromal  cells  were 
utilized  in  this  study  and  purchased  from  ATCC  (Manasss,  VA).  Isolation  and  characterization  of  the  human 
prostate  cancer  RFP-ARCaP  cell  lines  has  been  reported  [48].  Red  Fluorescent  Protein  (RFP)  transfected  cells 
were  maintained  in  G418  (350  mg/ml)  prior  to  experimentation.  All  cell  lines  were  grown  in  a  5%  C02 
incubator  at  37°C  in  media  consisting  of  T-medium  (Invitrogen,  Carlsbad,  CA)  supplemented  with  5%  (v/v) 
fetal  bovine  serum  and  1  %  Penicillin-Streptomycin. 

Co-cultures 

Initial  co-cultures  performed  as  previously  described  [12,  39]  with  modifications.  Co-cultures  consisted  of  50 
000  cells/cm2  of  HS -27a  bone  marrow  stromal  cells  and  2000  cells/cm2  prostate  cancer  cells.  Co-cultures  were 
maintained  in  serum-free  T-media,  and  plated  on  tissue  culture  dishes. 

Clongenic  Assay 

Cells  were  plated  at  low  densities  in  six-well  plates  for  24  hr  and  then  were  irradiated  with  the  appropriate 
radiation  dose.  Twenty-four  hours  later,  the  media  were  changed  and  cells  were  incubated  until  they  formed 
colonies  having  at  least  50  or  more  cells.  Seventeen  days  later  colonies  were  rinsed  with  PBS,  stained  with 
methanol/crystal  violet  dye,  and  counted.  The  colony  formation  ability  was  calculated  as  a  ratio  of  the  number 
of  colonies  formed,  divided  by  the  total  number  of  cells  plated,  times  the  plating  efficiency  Ai.  For  experiments 
with  cocultures,  cells  were  initially  incubated  on  a  mat  of  stromal  cells  for  24  h  and  radiated,  4  h  later 


clongenic  assay  was  performed.  For  antibody  based  experiments  using  anti-E-Cadherin  (15  pg/ml,  DECMA  or 
SHEP8-7,  Sigma)  and  integrin  alpha-v  (20  pg/ml,  CNT095)  antibody,  cancer  cells  were  treated  with  respective 
antibodies  for  24  h  prior  to  plating  them  on  a  mat  of  stromal  cells. 


Radiation 

External  beam  radiation  was  delivered  on  a  600  Varian  linear  accelerator  (Varian  Medical  Systems,  Inc. Palo 
Alto,  CA)  with  a  6  MV  photon  beam.  A  40  x  40  cm  field  size  was  utilized  and  Petri  dishes  were  placed  on  1.5 
cm  of  superflab  bolus.  Monitor  units  (MU)  were  calculated  to  deliver  the  dose  to  a  depth  of  dmax  at  a  dose  rate 
of  600  MU/min. 


Immunohistochemistry 

The  prostate  cancer  tissue  microarrays  were  obtained  from  US  Biomax  (Maryland)  or  from  the  UAB 
Tissue  Bank.  The  use  of  tissue  was  approved  by  the  Institutional  Review  Board  of  both  Tuskegee  University 
and  University  of  Alabama  at  Birmingham  (UAB  ).  Immunohistochemistry  was  performed  using  the  anti-Kaiso 
clone  6F  (Upstate  Biotechnology,  New  York)  as  previously  described.  Duplicate  microarrays  were  stained  for 
evaluation  by  immunohistochemistry  [45].  Briefly,  cells  were  examined,  by  a  pathologist  ,  separately  for 
membranous,  cytoplasmic,  and  nuclear  staining  for  Kaiso  and  classified  with  respect  to  the  intensity  of 
immunostaining,  with  the  percent  of  cells  determined  at  each  staining  intensity  from  0  to  +4  [46].  To  permit 
numerical  analysis  the  proportion  of  cells  at  each  intensity  can  be  multiplied  by  that  intensity.  Statistical  analyses 
were  performed  using  Pearson's  Chi-Square  test  to  analyze  the  relationships  between  cytoplasmic  and  nuclear 
expression  of  Kaiso  and  clinicopathological  factors. 

Immunoblotting 

Cells  were  grown  to  80%  confluency  in  six-well  plates.  Lysates  were  prepared  from  cultured  cells  in  a 
solution  containing  50  mM  Tris,  pH  7.5;  120  mM  NaCl;  0.5%  Nonidet  p-40;  40  pM 

phenylmethylsulfonylfluoride  (PMSF);  50  pg/ml  leupeptin;  and  50  pg/ml  aprotinin  (all  from  Sigma,  Missouri). 
Cells  were  allowed  to  lyse  for  1  hour  on  ice.  The  lysed  cells  were  centrifuged,  and  the  resulting  supernatants 
were  extracted  and  quantitated  by  use  of  a  Bradford  assay.  Lysates  (30  pg  of  protein)  were  separated  by  7.5% 
SDS  PAGE,  immunoblotted,  and  analyzed  by  chemiluminescence  (Amersham  Biosciences,  New  Jersey). 


Immunofluorescence  microscopy 

Cells  (3  x  105)  were  grown  for  2  days  or  to  80%  confluency  on  glass  coverslips.  Cells  were  then  fixed 
with  Methanol  alone  or  4%  paraformaldehyde,  permeabilized  with  100  mM  Tris-HCl,  pH  7.4;  150  mM  NaCl; 
10  mM  EGTA;  1%  Triton  X-100;  1  mM  PMSF;  and  50  pg/ml  aprotinin  (all  from  Sigma),  and  subsequently 
blocked  with  5%  bovine  serum  albumin  (BSA)  for  1  hour  at  room  temperature.  Identical  results  were  obtained 


with  both  methods.  Samples  were  incubated  with  indicated  primary  antibodies  diluted  in  blocking  buffer  at 
4°C  overnight.  FITC-conjugated  secondary  antibody  (BD  Biosciences,  California)  was  added.  Cells  were  then 
treated  with  4'-6-diamidino-2-phenylindole  for  nuclear  staining  and  analyzed  with  a  DSU  confocal  microscope 
(Olympus,  New  York).  To  determine  the  relative  intensities,  the  total  area  of  each  image  was  measured  as  well 
as  the  threshold  intensity  for  each  channel  utilizing  Metamorph  Imaging  Software  (Molecular  Devices,  Inc., 
California).  Differences  between  the  two  intensities  were  then  determined  by  Excel.  Bar  graphs  represent  n  =  4 
images  sectioned  and  individually  analyzed  for  total  area.  All  quantitative  data  were  normalized  to  appropriate 
control  images. 


Quantitative  real-time  PCR  (qRT-PCR) 

RNA  was  extracted  from  prostate  cancer  cells  using  TRIzol  (Invitrogen).  cDNA  was  prepared  using 
Superscript  III  First  Strand  cDNA  Synthesis  kits  (Invitrogen)  and  detected  by  Kaiso-specific  TaqMan. 
Hypoxanthine-guanine  phosphoribosyltransferase  (HRPT1)  (Applied  Biosystems,  California)  was  used  to 
normalize  all  RNA  samples.  RNA  analyses  were  performed  in  triplicate,  and  fold  change  was  calculated  using 
the  2  -ACt  value  method. 

RNAi 

Transient  transfection  of  pl20ctn  siRNA  (Santa  Cruz,  CA)  (100  nM  or  150  nM)  and  stable  transfection  with  a 
shRNA  construct  specific  for  human  Kaiso  (Origene  Technologies,  Rockville,  Maryland)  were  performed.  For 
siRNA  pl20ctn  transfections  4  ml  portion  of  Lipofectamine  2000  (Invitrogen,  California,  USA)  was  diluted  in 
200  ml  of  Opti-MEM  and  incubated  for  5  min  at  room  temperature.  The  diluted  siRNA  and  Lipofectamine 
2000  were  mixed  and  incubated  for  20  min  at  room  temperature.  Complexes  were  added  to  each  well  and 
incubated  for  24  h.  Media  were  changed  and  incubated  for  an  additional  24  h.  For  siRNA  pi 20  transfections, 
cells  were  lysed  according  to  established  protocols. 

To  generate  stable  sh-RNA  Kasio  cells,  the  HuSH  29-mer  for  Kaiso  was  provided  in  the  pRFP-C-RS 
plasmid  driven  by  the  U6-RNA  promoter.  Plasmid  DNA  pRFP-C-RS,  containing  puromycin  resistant  gene, 
expressing  Kaiso-specific  shRNA  and  scrambled  shRNA  were  transfected  into  DU- 145  or  PC-3  cells  using 
Lipofectamine  2000  (Invitrogen)...  The  medium  was  replaced  by  T-medium  containing  2  pg/ml  puromycin  for 
selection  of  antibiotic-resistant  colonies  over  a  period  of  3  weeks.  The  puromycin-resistant  cells  were  further 
selected  by  use  of  red  fluorescence  protein  (RFP)  as  a  marker  to  enrich  for  cells  expressing  shRNA.  shKaiso 
cells  were  plated  at  clonal  densities,  and  >20  clones  were  chosen  to  determine  the  degree  of  knockdown.  Clones 
with  the  lowest  Kaiso  levels  were  kept  for  further  analysis. 


Cell  migration 


Migration  of  cells  was  assessed  by  their  capacity  to  move  into  an  acellular  area;  this  was  accomplished 
with  a  two-dimensional  (2D)  wound-healing  assay,  as  previously  described  [47].  With  cells  at  70-80% 
confluence,  a  denuded  area  was  generated  in  the  middle  of  each  well  with  a  rubber  policeman.  The  cells  were 
then  exposed  to  EGF  (0  or  10  ng/mL)  and  incubated  for  24  hours.  The  distance  that  cells  moved  was 
determined  and  quantified  in  Metamorph  imaging  software.  A11  measurements  were  normalized  to  values  for 
controls. 

Invasion  assay 

Cell  invasiveness  was  determined  by  the  capacity  of  cells  to  migrate  across  a  layer  of  extracellular 
matrix,  Matrigel,  in  a  Boyden  Chamber.  Briefly,  20,000  cells  were  plated  in  the  Matrigel-containing  chamber 
in  a  serum-free  medium  containing  1%  BSA  for  24  hours;  this  was  then  replaced  with  a  serum-free  medium  for 
an  additional  24  hours.  The  number  of  cells  that  invaded  through  the  matrix  over  a  48  hour-period  was 
determined  by  counting,  on  the  bottom  of  the  filter,  cells  that  stained  with  crystal  violet.  A11  experiments  were 
performed  in  triplicate. 

Statistical  analysis 

For  ah  experiments,  statistics  were  performed  with  Microsoft  Excel  or  Graphpad  prism  software. 
Independent  Student’s  t-test  was  utilized  to  determine  statistical  differences  between  experimental  and  control 
values.  Tissue  correlations  were  performed  with  Matlab  (Mathworks  Inc.,  Natick,  MI,  USA),  p-values  <  0.05 
were  considered  statistically  significant. 
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KEY  RESEARCH  ACCOMPLISHMENTS 


1.  Tumor  Stroma  induces  Tumor  plasticity  in  prostate  cancer  cells. 

a.  Tumor- Associated  stroma  induces  a  MErT  ,  with  increased  E-cadherin  expression  in 
prostate  cancer  cells. 

b.  Bone  or  prostate  stroma  decreases  sensitivity  of  Prostate  cancer  cell  lines  to  radiation 
treatment. 

c.  Bone  stromal  causes  and  EMT-MET  transition  of  prostate  cancer  cells. 

d.  Manuscript  published  in  Journal  of  Onocology 

2.  Kaiso  as  Biomarker  for  Invasive  Prostate  cancer 

a.  Overexpression  of  Kaiso  was  determined  to  be  associated  with  prostate  cancer 
progression  in  large  cohort  of  tumor  samples.  With  African  American  patients 
displaying  significantly  higher  expression.  (This  was  not  in  our  original  proposal,  and 
an  unexpected,  but  very  interesting  finding  from  our  prosed  staining  for  Kaiso  in 
prostate  tissue. 

b.  Cytoplasmic  to  nuclear  localization  of  Kaiso  is  associated  with  invasive  and  metastatic 
prostate  cancer  and  this  correlates  with  tumor  grade  and  clinical  stage. 

c.  EGFR  signaling  regulates  cytoplasmic  to  nuclear  shuttling  of  Kaiso  via  pl20ctn. 

d.  Kaiso  promotes  increased  migration  and  invasion,  with  direct  binding  to  methylated 
sequences  in  E-cadherin  promoter,  thus  promoting  EMT 

e.  In  sum  we  highlighted  the  an  entire  signaling  network  through  which  induced  Kaiso 
localization  is  associated  with  aggressive  prostate  cancer  characteristics. 

f.  Manuscript  published  in  American  Journal  of  Pathology 
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HS-27a  human  bone  stromal  cells,  in  2D  or  3D  coultures,  induced  cellular  plasticity  in  human  prostate  cancer  ARCaPE  and 
ARCaPM  cells  in  an  EMT  model.  Cocultured  ARCaPj  or  ARCaPM  cells  with  HS-27a,  developed  increased  colony  forming  capacity 
and  growth  advantage,  with  ARCaPE  exhibiting  the  most  significant  increases  in  presence  of  bone  or  prostate  stroma  cells.  Prostate 
(Pt-N  or  Pt-C)  or  bone  (HS-27a)  stromal  cells  induced  significant  resistance  to  radiation  treatment  in  ARCaPf  cells  compared 
to  ARCaPM  cells.  However  pretreatment  with  anti-E-cadherin  antibody  (SHEP8-7)  or  anti-alpha  v  integrin  blocking  antibody 
(CNT095)  significantly  decreased  stromal  cell-induced  radiation  resistance  in  both  ARCaPE-  and  ARCaPM -cocultured  cells.  Taken 
together  the  data  suggest  that  mesenchymal-like  cancer  cells  reverting  to  epithelial-like  cells  in  the  bone  microenvironment  through 
interaction  with  bone  marrow  stromal  cells  and  reexpress  E-cadherin.  These  cell  adhesion  molecules  such  as  E-cadherin  and 
integrin  alpha  v  in  cancer  cells  induce  cell  survival  signals  and  mediate  resistance  to  cancer  treatments  such  as  radiation. 


1.  Introduction 

Prostate  cancer  is  the  most  frequent  tumor  in  men,  afflicting 
African  American  males  to  a  greater  degree  than  Caucasians. 
Morbidity  and  mortality  are  mainly  attributable  to  metas¬ 
tasis;  yet  the  mechanisms  associated  with  progression  are 
largely  unknown.  Localized  carcinomas  are  readily  removed 
surgically,  but  once  a  tumor  has  established  metastases, 
current  therapies  are  not  curative  and  prolong  survival  by 
only  a  few  years.  Metastasis  occurs  through  a  multistep 
process,  where  metastatic  cells  must  intravasate  local  tissues 
and  enter  into  and  survive  in  the  blood  stream.  These 
cells  then  extravasate  into  the  secondary  tissue  and  initiate 
and  maintain  micrometastases  at  distant  sites,  with  the 
end  result  being  the  development  of  a  metastatic  tumor 
f  1,  2].  During  each  step  of  this  process,  cancer  cells  exhibit 
transdilferentiation  properties  that  allow  both  the  spatial 


and  temporal  expression  of  epithelial  and  mesenchymal 
properties  in  response  to  microenvironment  signals  and 
its  own  basic  survival  needs  (e.g.,  motility  and  invasion 
versus  proliferation).  Thus,  a  model  of  cellular  transitions,  as 
opposed  to  a  continual  progression  to  permanent  differen¬ 
tiation  state,  is  emerging  as  a  significant  mechanism  during 
metastasis.  A  greater  understanding  of  these  mechanisms  will 
result  in  clinical  improvements  and  a  better  control  of  the 
metastasis  process. 

Epithelial-mesenhymal  transition  (EMT)  was  first  de¬ 
scribed  during  development  [3,  4];  however  an  EMT-like 
phenotypic  change  has  been  observed  in  a  number  of  solid 
tumors  [5-7].  This  transition  is  typically  characterized  by 
a  loss  in  E-cadherin  and  cytokeratin  expression.  EMT  in 
cancer,  as  in  development,  is  associated  with  an  increase 
in  cell  proliferation  [8,  9]  and  the  acquisition  of  a  mes¬ 
enchymal  phenotype  that  includes  vimentin,  N-cadherin, 
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and  osteopontin  expression.  In  both  normal  development 
EMT  and  cancer-associated  EMT,  the  loss  of  E-cadherin 
is  critical  to  the  differentiation  and  maintenance  of  the 
epithelial  phenotype  and  provides  a  structural  link  between 
adjacent  cellular  cytoskeletons,  which  is  important  for  tissue 
architecture.  Cells  that  have  undergone  EMT  (E-cadherin 
negative  mesenchymal  cells)  subsequently  become  more 
migratory  and  invasive  and  proceed  to  traverse  underlying 
basement  membranes,  with  an  acquired  ability  to  intravaste 
the  surrounding  local  tissue  and  gain  access  to  vascular 
conduits.  As  such,  the  loss  of  E-cadherin  is  rate  limiting  for 
EMT  1 10, 1 1].  Recent  reports  from  this  laboratory  and  others 
have  described  a  mesenchymal  to  epithelial  reverting  tran¬ 
sition  (MErT)  to  occur,  where  mesenchymal-like  prostate 
cancer  cell  lines  reexpress  E-cadherin  to  become  epithelial- 
like,  and  reestablish  cellular  adhesion  during  colonization 
within  the  liver  tumor  microenvironment  [  12,  13].  These 
findings  are  shared  in  clinical  metastases  of  various  cancer 
origins  including  breast,  colon,  and  bladder,  where  robust 
membrane  expression  of  E-cadherin  was  observed,  and  the 
paired  more  differentiated  primary  tumors  were  E-cadherin 
negative  [6,  14).  Thus,  a  reversion  of  the  mesenchymal 
phenotype  appears  to  be  important  in  latter  stages  of 
metastasis. 

Numerous  studies  have  shown  that  the  underlying  influ¬ 
ence  of  these  cellular  transitions  is  a  consequence  of  tumor- 
stromal  interactions  [15,  16).  Coculture  studies  have  found 
that  the  survival  and  proliferation  of  cancer  cells  are  inti¬ 
mately  linked  to  the  soluble  factors  in  the  microenvironment, 
such  as  EGF,  TGF-0,  IGF-J  that  contribute  to  survival  and  the 
subsequent  formation  of  macrometastasis  [  1 7-20] .  However, 
these  factors  are  not  likely  to  have  a  direct  effect  during 
initial  metastatic  colonization,  and  thus  heterotypic  and 
homotypic  cellular  adhesion  has  been  proposed  to  provide 
the  necessary  survival  signals  for  successful  colonization  [21, 
22).  Current  state-of-the-art  technology  does  not  provide 
the  necessary  resolution  to  determine  at  the  single  cell 
level  in  patients  or  experimental  in  vivo  systems,  individual 
cells  that  have  successfully  colonized  the  secondary  site. 
However,  numerous  reports  have  firmly  established  that 
cancer-stromal  interactions  in  vitro  or  in  three-dimensional 
(3D)  assays  accurately  mimic  the  drug  sensitivity/resistance 
behavior  of  those  cells  found  within  solid  tumors  in  vivo  in  a 
predinical  or  clinical  setting  [23].  Thus,  we  employed  a  novel 
coculture  assay  to  determine  the  cellular  plasticity  of  cancer 
cells  promoted  by  the  bone  stroma  and  the  effect  of  tumor- 
stromal  interactions  on  irradiation  therapy  in  prostate 
cancer. 

The  ARCaP  model  is  the  only  robust  prostate  cancer 
bone  metastatic  model  which  demonstrates  epithelial  to 
mesenchymal  transition(EMT).  The  ARCaP  progression 
model  consists  of  ARCaPE  (epithelial)  and  ARCaPM  (mes¬ 
enchymal),  where  the  ARCaPE  cells  have  a  bone  metastatic 
potential  of  12.5%  and  the  ARCaPy  cells  have  a  bone 
metastatic  potential  of  100%.  The  ARCaPE  and  ARCaPM 
cells  express  the  classical  markers  of  EMT  [24,  25].  Herein 
we  present  findings  that  ARCaPM  cells  undergo  MErT  when 
cocultured  within  the  bone  microenvironment  in  3D  and 
2D  cultures.  Additionally,  ARCaPE  cells  that  retained  an 


epithelial  phenotype  exhibited  a  measurable  growth  advan¬ 
tage  and  retained  ability  to  form  colonies,  however  only 
under  coculture  conditions  with  bone  stroma.  Furthermore, 
blocking  the  ability  of  ARCaPE  or  ARCaPM  cells  from  E- 
cadherin-mediated  cell-cell  adhesion  or  integrin  alpha  v 
beta-associated  adhesion  significantly  affected  ARCaP  cell 
survival  within  bone  stroma  and  sensitized  these  cells  to 
radiation  treatment. 

2.  Methods 

11.  Cell  Culture.  The  human  prostate  cancer  cell  lines, 
ARCAPe,  ARCaPM,  the  HS-27a  bone  stromal  cells  (ATCC, 
Manasss,  VA)  and  the  Pt-N  or  Pt-C  human  prostate  stromal 
cell.  Isolation  and  characterization  of  the  human  prostate 
cancer  RFP-ARCaP  cell  lines  has  been  reported  [26|.  Red 
Fluorescent  Protein-  (RFP-)  transfected  cells  were  main¬ 
tained  in  G418  (350mg/mL)  prior  to  experimentation.  All 
cell  lines  were  grown  in  a  5%  C03  incubator  at  37‘C  in 
media  consisting  of  T-medium  (Invitrogen,  Carlsbad,  CA) 
supplemented  with  5%  (v/v)  fetal  bovine  serum  and  1% 
Penicillin-Streptomycin. 

2.2.  Cocultures.  Initial  cocultures  were  performed  as  previ¬ 
ously  described  [12, 13]  with  modifications.  Cocultures  con¬ 
sisted  of  50000  cells/cm1  of  HS-27a  bone  marrow  stromal 
cells  and  2000  cells/cm2  prostate  cancer  cells.  Cocultures 
were  maintained  in  serum-free  T-media  and  plated  on  tissue 
culture  dishes. 

13.  Clonogenic  Assay.  Cells  were  plated  at  low  densities 
in  six-well  plates  for  24  hours  and  then  were  irradiated 
with  the  appropriate  radiation  dose.  Twenty-four  hours 
later,  the  media  were  changed  and  cells  were  incubated 
until  they  formed  colonies  having  at  least  50  or  more  cells. 
Seventeen  days  later  colonies  were  rinsed  with  PBS,  stained 
with  methanol/crystal  violet  dye,  and  counted.  The  colony 
formation  ability  was  calculated  as  a  ratio  of  the  number  of 
colonies  formed,  divided  by  the  total  number  of  cells  plated, 
times  the  plating  efficiency  [(#  of  colonies  formed  ^  total 
#  cells  plated)  x  plating  efficiency].  For  experiments  with 
cocultures,  cells  were  initially  incubated  on  a  mat  of  stromal 
cells  for  24  hours  and  radiated;  4  hours  later  clonogenic 
assay  was  performed.  For  antibody-based  experiments  using 
anti-E-cadherin  (15^g/mL  DECMA  or  SHEP8-7,  Sigma) 
and  anti-integrin  alpha-v  (20pg/mL,  CNT095)  antibody, 
cancer  cells  were  treated  with  respective  antibodies  for 
24  hours  prior  to  plating  them  on  a  mat  of  stromal 
cells. 

2.4.  Radiation.  External  beam  radiation  was  delivered  on 
a  600  Varian  linear  accelerator  (Varian  Medical  Systems, 
Inc.Palo  Alto,  CA)  with  a  6  MV  photon  beam.  A  40  x  40 cm 
field  size  was  utilized  and  Petri  dishes  were  placed  on  1.5  cm 
of  superflab  bolus.  Monitor  units  (MUs)  were  calculated 
to  deliver  the  dose  to  a  depth  of  dmax  at  a  dose  rate  of 
600  MU/min. 


Journal  of  Oncology 


3 


25.  Statistical  Analysis.  Representative  findings  are  shown 
for  all  experiments,  which  were  performed  in  triplicate, 
repeated  a  minimum  of  three  times.  Student’s  f-test  was  used 
to  determine  the  statistical  significance  between  groups. 


3.  Results 

3.1.  ARCaP  EMT  Model  Undergoes  a  Mesenchymal-to- 
Epithelial  Reverting  Transition  (MErT).  Recently,  the  ARCaP 
model  has  been  described  to  closely  mimic  the  patho¬ 
physiology  of  advanced  clinical  human  prostate  cancer  bone 
metastasis  [25|.  The  ARCaPE  cells  were  derived  from  single¬ 
cell  dilutions  of  the  ARCaP  cells.  These  cells  exhibit  a 
cuboidal- shaped  epithelial  morphology  with  high  expression 
of  epithelial  markers,  such  as  cytokeratin  1 8  and  E-cadherin. 
The  lineage-derived  ARCaPM  cells  have  a  spindle-shaped 
mesenchymal  morphology  and  phenotype.  ARCaPM  cells 
have  decreased  expression  of  E-cadherin  and  cytokeratins 
18  and  19  but  increased  expression  of  N-cadherin  and 
vimentin.  These  cells  have  decreased  cell  adhesion  and 
increased  metastatic  propensity  to  bone  and  adrenal  glands 
[27].  The  morphologic  and  phenotypic  changes  observed  in 
the  ARCaPM  cells  closely  resemble  those  of  cells  undergoing 
EMT. 

Previously,  we  have  demonstrated  a  Mesenchymal  to 
Epithelial  reverse  Transition  (MErT)  of  metastatic  prostate 
cancer  cell  lines  within  an  experimental  coculture  model 
and  confirmed  in  patients  with  liver  metastasis  [13,  281- 
Out  findings  have  recently  been  confirmed  in  prostate 
cancer  bone  metastasis  where  E-cadherin  and  /3-catenin 
were  robustly  expressed  in  late  stage  carcinomas  |29[. 
Therefore  we  sought  to  identify-  the  significance  of  the  bone 
microenvironment  within  the  experimental  ARCaP  model. 
To  assess  cellular  plasticity  of  the  ARCaP  EMT  model,  we 
coultured  ARCaP  cells  with  HS-27a  cells  in  3D  RWV  (rotary 
wall  vessel)  system  for  3  days.  ARCaPr  cells  formed  larger 
prostate  organoids  than  ARCaPM  cells  (data  not  shown). 
Upon  immunohistochemical  examination  of  organoids,  we 
observed  that  both  ARCaPE  and  ARCaPM  express  E-cadherin 
and  lack  N-cadherin  expression  (Figure  1(a)).  lb  further 
examine  the  influence  of  tumor-stroma  interactions  over  a 
multiday  period  we  utilized  a  similar  2D  cocultures  method. 
Utilizing  immunoctyochemical  analysis,  we  observed  a  lack 
E-cadherin  and  robust  N-cadherin  staining  after  1  day 
in  both  ARCAPE  and  ARCaPM  cocultures.  However  by 
day  4,  both  ARCaPE  and  ARCaPM  cells  formed  tumor 
nest  that  express  E-cadherin  and  lack  N-cadherin  staining 
(Figure  1(b)).  It  is  worthy  to  note  that  ARCaPM  tumor  nest 
appeared  to  develop  at  much  smaller  extent,  compared  to 
ARCaPE  cocultures. 

Since  ARCaPE  cells  formed  larger  tumor  nest  and 
spheroids  when  cocultured  with  HS-27a  cells  compared  to 
ARCaPM  cells,  we  sought  to  further  assess  if  HS-27a  cells 
preferentially  stimulated  the  growth  of  ARCaPE  cells  versus 
ARCaPM  cells.  Utilizing  GFP-transfected  HS-27a  bone  mar¬ 
row  stromal  cells  and  RFP-transfeded  ARCaPE  or  ARCaPM 
cells  (Figure  2(a)),  we  examined  the  proliferative  ability 
of  ARCaP  cells  in  homotypic  and  coculture  conditions. 


Growth  of  RFP-transfected  ARCaPE  and  ARCaPM  cells, 
respectively,  was  quantified  by  relative  fluorescent  units 
(RFU)  of  transfected  cell  lines  over  a  6-day  period  in 
homotypic  cultures  and  coculture  conditions  (Figure  2(a)). 
As  previously  reported,  homotypic  cultured  ARCaPM  shows 
significant  growth  compared  to  ARCaPE  homotypic  cultures; 
however  cocultures  reversed  this  trend  with  ARCaPE  cells 
demonstrating  the  most  significant  growth  (  Figure  2(b)).  We 
also  confirmed  these  findings  in  ARCaPE  cells  in  coculture 
using  donogenic  assay.  Although  ARCaPM  cells  have  a 
higher  plating  efficiency  than  ARCaPE  cells,  ARCaPE  cells 
exhibited  an  8-fold  increase  in  their  ability  to  form  colonies 
after  coculture  compared  to  1 .35-fold  increase  of  cocultured 
ARCaPM  cells  (Figure  2(c)).  Phase-contrast  microscopy  of 
colonies  after  coculture  shows  that  ARCaPM  colonies  appear 
loosely  adherent,  while  ARCaPE  cells  are  compact  and 
interact  physically  with  few  of  the  bone  stromal  fibroblast 
(Figure  2(d)).  Taken  together,  these  results  demonstrate  that 
ARCaPM  cells  reexpress  E-cadherin  when  grown  with  bone 
stromal  cells  for  longer  periods.  Additionally,  ARCaPE  cells 
which  have  high  levels  of  E-cadherin  gain  enhanced  growth 
and  self-renewal  ability  when  cocultured  with  bone  stromal 
cells. 

3.2  Stromal  Cells  Influence  Radiation  Treatment  in  Prostate 
Cancer  Cells.  Mesenchymal  cancer  cells  have  been  thought  to 
be  more  tumorigenic,  aggressive,  and  resistant  to  treatments 
when  compared  to  epithelial  cancer  cells  [30[.  A  similar 
trend  was  observed  in  both  ARCaPE  and  ARCaPM  cells  after 
(4  Gy)  irradiation  treatment.  ARCaPM  homotypic  cancer 
cells  are  more  resistant  to  radiation  treatment  compared 
to  ARCaPE  homotypic  cancer  cells  (Figure  3(a)).  However, 
ARCaPM  cocultures  did  not  affect  the  radiation  sensitivity 
of  ARCaPM  cancer  cells.  The  highly  sensitive  ARCaPE  cells 
exhibit  a  significant  increased  resistance  to  radiation  therapy, 
up  to  3-fold,  as  result  of  their  interaction  with  bone  stromal 
cells  (Figure  3(a),  P  <  .01). 

To  further  assess  the  role  of  the  prostate  stromal  cells 
on  tumor-stromal  interactions  influencing  ARCaP  cellular 
behavior,  we  cocultured  paired  prostate  stromal  fibroblasts 
isolated  either  from  normal  (Pt-N)  or  from  cancer-associated 
regions  (Pt-Q  [31].  Again,  ARCaPE  cells  cocultured  with 
(Pt-N)  or  (Pt-C)  exhibited  a  7-fold  and  8-fold  increase  in 
colony  formation,  respectively  (Figure  3(b),  P  <  .01).  We 
also  saw  a  similar  trend  in  a  growth  analysis  assay  (data  not 
shown).  However  when  measuring  donogenic  ability  after 
radiation  treatment,  ARCaPE  cells  cocultured  with  either 
Pt-N  or  Pt-C  had  increased  radiation  resistance,  with  a  2- 
fold  difference  observed  between  homotypic  cultured  cells. 
Although  a  significant  increase  in  donogenic  formation 
was  observed  in  Pt-C  versus  Pt-N  cocultures  (P  <  .05), 
this  did  not  significantly  effed  the  radiation  sensitivity  of 
ARCaPM  cells  (Figures  3(c)).  Taken  together,  both  bone 
and  prostate  stromal  cell  have  a  grown  inductive  effed  on 
ARCaPE  cancer  cells  and  mediate  radiation  resistance  (up  to 
2-3  fold)  in  epithelial  cancer  phenotype,  but  not  in  ARCaPM 
mesenchymal  cancer  cells. 
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Figure  I:  3D  cocultures  of  ARCaPE  or  ARCaPM  with  HS-27a  cells  show  E-cadhcrin  expression,  (a)  I  x  107  ARCaPF  or  ARCaPM  were 
cocultured  with  HS-27a  cdls  in  RWV  for  3  days.  Immunohistochemistry  of  organoids  was  stained  with  anti-F.-cadherin  or  N-cadherin 
antibody,  (b)  2D  Coculturcs  of  HS-27a  were  preformed  utilizing  a  total  of  50,000  cm2/HS-27a  fibroblasts,  after  which  20,000  cm2  ARCaPE 
or  ARCaPu  were  seeded  on  top  of  the  fibroblast  monolayer.  The  coculturcs  were  maintained  in  serum-free  medium  for  I  or  4  days. 
Immunocvtochemistry  of  cocultures  over  these  time  periods  was  performed  utilizing  anti-E-cadherin  and  N-cadherin  antibodies.  Shown 
are  the  EMT/MET of  ARCaPEcells  (top  panels)  and  MErT  of  ARCaPMcells  (bottom  panels). 


3.3.  Blocking  Adhesive  Contact  Effects  Radiation  Sensitivity  of 
Cocultured  ARCaP  Cells.  The  importance  of  cell  adhesion 
(i.e„  cell-cell  and  cell-ECM  adhesion)  on  the  survival  of 
disseminated  cancer  cells  has  been  well  documented  as 
a  requirement  for  colonization  and  survival  within  the 
metastatic  microenvironment  [32-34).  Therefore  we  utilized 
a  well-known  E-cadherin  Mocking  antibody  (SHEP8-7) 


and  a  pan-integrin  antibody  (CNT095)  that  targets  human 
alpha-v-integrin  and  also  was  shown  to  block  prostate  tumor 
growth  within  bone  [35].  Since  ARCaPr  cells  express  high 
levels  of  the  epithelial  marker  E-cadherin,  and  ARCaPM  cells 
can  be  microenvironmentally  induced  to  express  E-cadherin, 
we  tested  whether  either  of  these  blocking  antibodies  would 
affect  the  colony  forming  ability  of  either  ARCaPr  or 
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Figure  1  ARCaPE  cells  show  a  growth  and  colony  forming  capacity  advantage  in  presence  of  HS-27a  cells,  (a)  and  ib)  ARCaPM  cells  were 
cocultured  in  the  presence  of  GFP-HS-27a  cells  over  a  6-day  period.  Growth  of  RFP.  ARCaPE  or  ARCaPu  human  prostate  cancer  cells  was 
assessed  by  RFUs  (relative  fluorescent  units)  in  the  presence  cocultures  over  a  6-day  period.  Results  ate  means  r  SE  of  three  independent 
experiments.  •  P  <  .05  (students  1-test)  compared  to  cell  number  at  day  1  ±  SEM.  (c)  donogcnic  colony  forming  capacity  of  ARCaPE  and 
ARCaPu  prostate  cancer  cell  after  coculturc  ±  SEM.  ARCal'u  data  were  normalized  to  ARCaPu  control,  and  A RCaPs  data  were  normalized 
to  ARCaPE  control  (Note  HS-27a  induced  slightly  (1.35x)  the  growth  of  ARCaPM  cells  but  markedly  (8x1  the  growth  of  ARCaPE  cells.),  (d) 
ARCaPi  or  ARCaPM  cells  wctc  cocultured  with  1  IS-27a  cells.  Shown  are  phase  contrast  images  of  colonies  formed  in  the  clonogenk  assay. 


ARCaPM  bone  stroma-cocultured  cells.  Pretreatment  with  E- 
cadherin  antibody  did  not  affect  the  colony  forming  capacity 
of  either  ARCaPE  or  ARCaPM  homotypic  cultured  cells; 
however  it  significantly  reduced  the  ability  of  ARCaPM - 
( P  <  .001)  and  ARCaPE-  (P  <  .01)  coultured  cells  to 
form  colonies  (Figure  4).  Additionally,  E-cadherin  block¬ 
ing  antibody  pretreatments  further  increased  sensitivity  to 


radiation  treatment  of  ARCaPM  cells  in  homotypic  and 
cocultured  conditions,  similarly  ( P  <  .01).  E-cadherin 
blocking  antibody-pretreated  ARCaPE  cells  showed  the  most 
significant  increased  sensitivity  to  radiation  treatment  in 
homotypic  compared  cocultured  conditions  (P  <  .001), 
however  a  significant  reduction  in  colony  formation,  to 
a  lesser  extent,  was  observed  in  ARCaPE  cocultured  cells 
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Figure  3:  Cocultured  ARCaPE  cells  gain  cell  colony  forming  capacity  and  radiation  resistance  when  grown  with  bone  and  prostate  stromal 
cells,  (a)  ARCaPE  or  ARCaPM  cocultured  cells  were  irradiated  24  hours  after  coculturc  with  HS-27a  cells  and  cancer  cell  colony  forming 
capacity  was  assayed  using  donogenic  assay.  Results  are  means  ±  SE  of  three  independent  experiments.  ARCaPM  experimental  data  arc 
normalized  to  ARCaPn  control  and  ARCaPE  experimental  data  arc  normalized  to  ARCaPE  control  (a).  ARCaPE  cells  cocultured  with  prostate 
stromal  fibroblasts  Pt-C  I  Cancer  associated  fibroblasts)  or  Pt-N  (Normal 'benign  fibroblasts)  were  irradiated  and  compared  to  nonirradiated 
cocultures.  Cell  colony  forming  capacity  was  assayed  by  donogenic  assay.  Data  are  normalized  to  ARCaPE  control  les'ds.  (b)  ARCaPM  cells 
cocultured  with  Pt-C  or  Pt-N  were  irradiated  and  compared  to  nonirradiated  cocultures  (c).  CcD  colony  forming  capacity  was  assayed  by 
donogenic  assay.  Data  are  normalized  to  ARCaPM  control  levels. 


(Figure 4,  P  <  .01).  Therefore,  targeting  E-cadherin  limited 
both  epithelial  and  mesenchymal  cells  ability  to  form 
colonies  after  coculture  with  bone  stromal  cells. 

To  determine  the  influence  of  intergin  alpha  v  cell  adhe¬ 
sion  with  bone  microenvironment,  we  performed  similar 
donogenic  formation  assay.  Pretreatment  with  CNT095  anti¬ 
body  significantly  decreased  the  donogenic  ability  of  both 
ARCaPM  and  ARCaPE  cells  in  homotyic  cultures  (Figure  5, 
P  <  .001).  Additionally,  CNT095  significantly  decreased 
bone  stroma-induced  radiation  resistance  in  cancer  cells  in 
both  ARCaPM  (P  <  .001)  and  ARCaPE  (P  <  .001)  cancer 
cells,  with  the  most  significant  reduction  in  cocultured 
conditions  (P  <  .001)  (Figure 5).  Taken  together,  these 
results  suggest  that  bone  stroma-induced  radiation  resistance 
is  mediated  through  both  E-cadherin  and  integrin  alpha  v 
beta  signaling  in  epithelial  and  mesenchymal  cells.  Thus, 


E-cadherin  and  integrin  alpha  v  beta  appear  to  present  novel 
targets  for  metastatic  and  radiation  resistant  cells. 

4.  Discussion 

It  is  well  documented  in  prostate  and  others  cancers  that 
EMT  is  associated  with  initial  transformation  from  encapsu¬ 
lated  to  invasive  carcinomas.  The  mesenchymal  phenotype, 
which  is  required  for  dissemination,  has  been  suggested  to 
revert  to  an  epithelial  phenotype  in  distant  metastasis  [13, 
14,  29,  36|.  This  has  been  evidenced  in  the  primary  tumors 
which  lack  E-cadherin  expression  and,  showing  nuclear  /)- 
catenin  expression,  show  strong  membrane  staining  for  both 
E-cadherin  and  ^-catenin  in  metastatic  liver  [13]  or  bone 
microenvironment  [28,  29].  We  have  previously  shown,  in 
commonly  utilized  prostate  cancer  cells  lines  DU- 145  and 
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Figure  -4:  Effect  of  Anti-E-cadherin  antibody  on  tumor-stroma  Interactions.  A.  ARCaPsi  and  ARCaPE,  cells  were  pretreated  with  Anti-E- 
cadherin  antibody  (SHEP8-7 1,  cocultured  with  HS-27a  stromal  cells  for  24  hours,  and  radiated  with  4  Gy.  Cell  colony  forming  capacity  was 
assayed  using  donogenic  assay.  ARCaPy  data  are  normalized  to  ARCaPy  control  levels,  and  ARCaPE  data  are  normalized  to  ARCaPE  control 
levels. 


Figure  5:  Effect  of  Anti-alpha  v  integrin  ( CNT095 )  on  tumor-stroma  interactions.  ARCaPy  and  ARCaPr,  cells  were  pretreated  with  CNT095 
antibody  was  cocultured  with  HS-27a  stromal  cells  for  24  hours,  and  radiated  with  4  Gy.  Cell  colony  forming  capacity  was  assayed  using 
donogenk  assay.  ARCaPM  data  are  normalized  to  ARCaPy  control  levels,  and  ARCaPj  data  are  normalized  to  ARCaPj  control  levels. 


PC-3,  that  reexpression  of  E-cadherin  and  reversion  of  the 
mesenchymal  phenotype  is  a  rate  limiting  for  metastatic 
seeding  of  primary  rat  hepatocytes  [13].  Since  bone  metasta¬ 
sis  is  most  prevalent  in  prostate  cancers,  we  sought  to  extent 
these  finding  utilizing  the  ARCaP  model,  which  is  the  first 
prostate  cancer  EMT  model  demonstrating  histomorpho- 
logical  features  and  classical  markers  in  a  lineage-derived 


series  of  cells,  to  determine  the  functional  relationship 
of  this  cellular  transition.  Whether  this  is  accomplished 
through  exposure  to  soluble  growth  factors  or  the  bone 
microenvironment,  the  end  result  decreased  differentiation 
with  increased  metastatic  potential  [25, 27, 37). 

Our  initial  results  show  that  ARCaPM  cells  maintained  in 
3D  Rotary  Wall  Vessel  (RWV)  or  2D  cocultures  underwent 
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MErT  when  cocultured  with  HS-27a  bone  stromal  cells, 
as  shown  through  expression  of  E-cadherin  and  of  N- 
cadherin  expression  (Figures  1(a)  and  1(b)).  Moreover 
ARCaPr  cells  show  a  significant  enhancement  in  colony 
formation  (8x)  and  significant  growth  pattern  comparable 
to  ARCaPM  (1.35x)  cocultures  (Figures  2(b)  and  2(c)).  A 
recent  report  has  shown  through  RFP  cell  tracking  that 
selected  ARCaPf  clones  after  in  vivo  inoculation  into  the 
bone  microenvironment  gives  rise  to  both  ARCaPE  and 
ARCaPM  populations  [37].  These  findings  coupled  with 
our  observed  reversion  of  ARCaPM  cells  to  ARCAPI;  like 
cells  suggest  that  tumor-stromal-induced  cellular  plasticity 
gives  rise  to  distinct  populations  of  cancer  cells  within 
bone  microenvironment,  the  mesenchymal  phenotype  and 
its  kinetic  characteristics  (motility/invasive),  and  the  epithe¬ 
lial  characteristics  necessary  for  secondary  tumor  develop¬ 
ment  The  fact  that  the  ARCaPM  cells  have  an  increase 
propensity  for  metastasis  compared  to  ARCaPE  cells  suggest 
that  dissemination  from  the  primary  tumor  mass  requires 
the  mesenchymal  phenotype.  However  a  mesenchymal  to 
epithelial  transition  is  associated  with  initial  metastatic 
seeding  and  subsequent  formation  of  a  cohesive  tumor 
mass  within  the  bone  microenvironment.  This  hypothesis 
is  supported  in  a  bladder  cancer  model,  where  lineage- 
derived  series  of  EMT-transformed  mesenchymal-like  cells 
exhibit  increased  lung  metastasis  in  vivo;  however  secondary 
tumor  formation  is  predominantly  enhanced  by  the  pres¬ 
ence  of  epithelial  cells  compared  to  mesenchvmal  cells 
[38]. 

Since  epithelial  reversion  enhances  the  growth  of  tumor 
cells  in  bone  microenvironment,  and  this  is  observed  in 
multiple  experimental  models  and  clinical  metastases,  there 
is  a  question  of  whether  this  transition  is  required  for 
metastatic  seeding  and  therefore  an  avenue  for  therapeutic 
intervention(s).  lb  gain  insight  into  the  importance  of 
this  reversion,  we  utilized  ionizing  radiation  on  ARCaPE 
and  ARCaPM  homotypic  and  cocultured  cells.  Our  results 
show  that  ARCaPE  homotypic  cultures  when  compared 
to  ARCaPu  homotypic  cultures  are  more  sensitive  to 
radiation  treatment  (Figure  3(a)).  However  in  the  presence 
of  bone  or  prostate  stromal  cells,  ARCaPE  cells  gained 
increased  radiation  resistance,  with  increased  proliferative 
and  colony  forming  capacity  (Figures  2(b)  and  2(c)).  This 
phenomenon  was  not  observed  in  the  ARCaPM  cocultures. 
To  determine  the  underlining  causes  of  this  observation,  we 
hypothesized  that  cell-cell  interactions  through  E-cadherin 
or  cell-ECM  interactions  through  integrins  may  mediate  the 
stromal  induced  proliferative  effect  and  radiation  resistance 
in  ARCaPE  cancer  cells.  Using  E-cadherin  neutralizing 
antibody  (SHEP8-7)  and  pan-and-integrin  alpha  v  antibody 
(CNT095),  we  were  able  to  significantly  block  the  stromal 
induced  colony  forming  ability  on  ARCaPE  cancer  cells 
(Figures  4  and  5).  Additionally,  both  antibodies  significantly 
blocked  the  radiation  resistance  of  ARCaPE  in  cocultured 
conditions  (Figures  4  and  5).  The  E-cadherin  neutralizing 
antibody  also  had  an  effect  on  homotypic  ARCaPv-radiated 
cells  and  ARCaPM  cells  within  cocultures  (Figure  4).  Thus 
it  appears  that  blocking  bone  stroma-induced  reexpres¬ 
sion  of  E-cadherin  in  ARCaPM  in  the  presence  of  bone 


stromal  cells  reduced  the  colony  forming  capacity  of  these 
ceils  (Figure  4).  The  decreased  radiation  sensitivity  of  E- 
cadherin  expressing  cells  compared  to  cells  lacking  E- 
cadherin  expression  has  recently  been  demonstrated  in  a 
cocultured  model  of  MCF-7  (E-cad  positive)  and  MDA- 
MB-231  (E-cad  negative)  cells  with  normal  and  radiation- 
induced  senescent  fibroblast  [39],  where  radiation  in  MCF- 
7  cells  showed  enhanced  resistance  to  radiation  treatment 
compared  to  MDA-MB-23 1  cells.  These  findings  are  consent 
with  our  model  of  a  reepithelization  requirement  within 
tumor  microenvironment. 

CNT095  antibody  was  toxic  to  both  ARCaPM  and 
ARCaPE  homotypic  and  cocultured  cells.  Additionally 
CNT095  increased  radiation  sensitivity,  even  to  a  greater 
extent  than  E-cadherin  neutralizing  antibody  treatment 
(FigureS).  These  findings  are  consistent  with  our  results 
of  CTN095  treatment  that  causes  a  significantly  reduced 
number  of  tumors  generated  by  C4-2B  cells,  along  with  a 
concomitant  increase  of  cortical  bone  in  mice  (  unpublished 
data).  Although  C4-2B  cells  have  not  been  observed  to 
undergo  EMT,  this  would  suggest  that  targeting  the  cell-ECM 
in  vitro  and  in  vivo  could  be  limiting  the  cell  cohesiveness 
necessary  for  metastatic  tumor  formation. 

Targeting  of  cell  adhesion  as  a  therapeutic  approach 
has  been  proposed  previously.  E-cadherin  neutralizing  anti¬ 
body  (SHEP8-7)  has  been  shown  to  sensitize  multicellular 
spheroids  to  microtubule  binding  therapies  in  the  taxane 
family  in  HT29  human  colorectal  adenocarcinoma  cells  ]23). 
A  more  recent  observation  is  that  survival  of  androgen 
receptor-expressing  differentiated  prostate  cells  is  dependent 
on  E-cadherin  and  PI3K,  but  not  on  androgen,  AR,  or  MAPK 
[40].  Given  the  predominate  role  for  PI3K  in  cell  survival  and 
reports  that  PI3K  is  rapidly  recruited  to  cell  membrane  to 
stabilize  E-cadherin  junctions  ]40|  and  that  PI3K  activation 
requires  integrin  alpha  v  activity  [41]  suggests  that  PI3K 
is  possibly  responsible  for  the  increased  growth  and  colony 
formation  gained  within  the  tumor  microenvironment 
Thus  in  the  absence  of  stimulating  growth  factors,  it  is 
possible  that  E-cadherin/PI3K  or  integrin  alpha  V/P13K  is 
involved  in  a  signaling  cascade  that  is  initiated  by  the 
tumor  microenvironment,  at  least  during  initial  metastatic 
seeding. 

In  conclusion,  our  data  demonstrate  that  the  E-cadherin 
and  integrin  alpha  nctional  adhesive  interaction  is  a  possible 
adjuvant  therapy  avenue  tor  patients  treated  with  radiation. 
Although  an  in-depth  in  vivo  exploration  of  targeting 
epithelial-like  versus  mesenchymal -like  cells  is  necessary 
to  translate  these  findings  to  the  clinical  situation,  our 
results  indeed  raise  critical  questions  as  to  how  we  view 
prostate  cancer  metastasis  and  subsequently  target  metastatic 
tumor  cells  for  therapy.  Additionally,  we  have  generated  an 
in  vitro  model,  that  closely  mimics  the  clinical  situation, 
to  delineate  in  a  stepwise  manner  the  dynamic  tumor- 
host  interaction(s)  that  promote  cellular  plasticity  in  the 
later  stages  of  metastasis.  The  identification  of  further  key 
molecules  driving  MErT  in  this  system  holds  promise  for 
the  development  of  preventative  and  therapeutic  strategies 
to  minimize  metastatic  disease. 
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Kaiso,  a  pl2  0  catenim  binding  protein,  is  expressed  in 
the  cytoplasmic  and  nuclear  compartments  of  calls; 
however,  tha  biological  consequences  and  clinical  inv 
plications  of  a  shift  between  thasa  compartments 
have  yat  to  ba  established.  Ha  rain,  we  raport  an  an, 
richment  of  nudaar  Kaiso  expression  in  cells  of  pri¬ 
mary  and  matastatic  prostata  tumors  relative  to  tha 
norrral  prostate  apithalium.  Nuclear  axprassion  of 
Kaiso  corralatas  with  Gleason  score  (P  <  0.001)  and 
tumor  grade  (?“  <  0.001).  Thara  is  higher  nudaar 
axprassion  of  Kaiso  in  primary  tumor/nomal 
matched  samples  and  in  primary  tumors  from  Afri¬ 
can  American  man  (P  <  0.0001).  Ve  further  found 
that  apidermal  growth  factor  (EGF)  ra captor  up-regu 
latas  Kaiso  at  tha  RNA  and  protain  lata  Is  in  prostata 
cancer  call  lines .  but  more  interestingly  causes  a  shift 
of  cytoplasmic  Kaiso  to  tie  nucleus  tlat  is  re  versedby 
tha  egf  receptor-specific  kinase  inhibitor.  PD153  035  • 
m  both  Dili 45  andPC-3  prostata  cancar  call  lines. 
Kaiso  inhibition  (short  hairpin  RNA- Kaiso)  decreased 
cell  migration  and  invasion  even  in  tie  presence  of 
EOF.  Furthar,  Kaiso  directly  binds  to  tha  E-cadharin 
promotar.  and  inhibition  of  Kaiso  in  IC-3  calls  results 
in  ircraasad  E-cadharin  axprassion,  as  wall  as  ra-as- 
tablishmant  of  call-call  contacts.  In  addition.  Kaiso- 
daplated  cels  show  more  epithelial  morphology  and 
a  reversal  of  tha  mesenchymal  markers  Ncadharin 
and  fibronactin.  Our  findings  establish  a  defined  on- 
coganie  rob  of  Kaiso  in  promoting  tie  progression  of 
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Pnostetecancer  is  bo  most  commonly  diagosed  malig¬ 
nancy  in  men.  with  Atican  American  men  esperiencirg  a 
rate  60%  N^aer  than  white  patients.  At  the  time  of  diag¬ 
nosis,  apprcairratiy  50%  of  men  have  clinically  ad¬ 
vanced  dsease.'  ThemcJecLiarmechBrisms  associated 
wifi  terror  development  are  he  resuJt  of  geneic  and 
epigenelc  changes  that  prerrot  tuner  cell  growth.  DMA 
metiylaticn.  the  most  common  epigenefc  change  re¬ 
sole  from  changes  in  cytosine  mehylalcn,  typically  at 
cytisine-guanine  dnucleoictes  (CpG).  or  tom  changes 
in  DNA-associated  protens.  Recertify,  it  was  proposed 
that  meth>la1  on  alone  is  insufficient  P  silence  transcrip 
Von*  and  that  reccg'ifcn  of  metiylated  DNA  by  two 
classes  of  proteins,  those  wifi  a  rrehyl-CpG  binding 
domain  and  hose  with  C2H2  zinc  fingers,  such  as  Kaiso, 
are  required  for  tanscripfcral  irectivatim.  Mettyi-CpG 
bindng  protire  reccgrize  S-mehylcy tesine  and  act  as 
inteimedates  between  he  Iranscripticnal  macNnery  and 
metnylated  DNA.  Of  he  methyl-binding  protins.  Kaiso 
has  a  10-fdd  hi^ner  aff  rity  and  represses  Tanscripfcn  in 
part  by  recruiting  the  N-CoR  compressor1 

Kaiso,  first  identifed  as  a  pi  20  catrin  (ctiMcinding 
protin*  is  a  merrter  of  he  broad  ccmplea,  tramtak, 
brio-a-brac£ox  virus,  and  zinc  finger  superfarrily.  Stuc- 
tLiaily,  Kaiso  ccntins  a  carboKyi-teminal  region  wihi 
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tree  zinc  finger  merits  of  tie  C2H2type  and  recognizes 
clusters  of  mettylated  CpG  dnucleofdes  as  weil  as  se¬ 
quence-spec  ific  Kaiso  birdng  sites.4  Several  lines  of 
evidence  torn  boti  invitio  and  in  vivo  models  suggest  a 
number  of  tumor  suppressor  genes,  frequency  sienced 
by  ftypermehylafcn,  such  as  HtCt,  M7A2,  E-cadherin 
(CCWf ),  and  matrilysin  (MMP7)  have  been  lirked  to  Kaiso 
tanscriplcnal  regda1cn*p  A  clinical  rde  fer  Kaisoalso 
has  been  proposed.  Immurchistochemical  analysis  in 
venous  issue  types  shews  that  Kaiso  is  etpressed  in 
both  tie  cytplasmic  andtor  nuclear  compartnents. 
Studes  in  long  cancer  show  ihat  Kaiso  expression  ccr- 
neiates  witi  cliniccpathdogc  characteristics  of  maligmant 
tenors .  However,  tencticrBl  studies  using  Kaiso  anfbody 
or  the  shRNA-deplefcn  stategy  resulted  in  erharced 
prd iteration  and  irvasi  veness.®  Surprisingly.  an  opposite 
rde  fa-  Kaiso  was  implicated  in  cdcrectal  studes,  in 
which  dcwn-regJaicn  of  Kaiso  expression  resitted  in 
decreased  proliferation  and  an  overall  antitumor  effect* 
Because  Kaiso  expression  has  besi  determined  inmul- 
ti pie tumor  types,  addti oral  steides  are  reqiired  to  pro¬ 
vide  a  detailed  description  of  Kaiso  expression  and  func- 
ten  in  indvidual  epithdial  tincrs. 

Gicwti  factors  such  as  epidermal  gewth  factor  (EGF) 
have  teen  well  esteblished  tc  promote  ceil  motiity,  inva- 
sicn,  and  metestesis  in  multiple  turners .  This  promotes 
gsnetic  and  epigenetc  changes  that  lead  to  a  down- 
regdaticn  of  E-cadherin  via  receptr  tyrosine  knase  sig¬ 
naling,  archer  promoter  hypermeth>laricn.  As  a  resiit 
epithelial  cells  undergo  an  ephdial-to-rmesenchymal 
tansitjen,  in  which  cells  are  dree  ted  to  assure  a  less- 
dffererriated  phenotype  witi  he  acqured  ability  forme 
testesis.  Previously,  we  shewed  that  E-cadrerin  can  be 
re-expressed  trough  direct  pharmacologic  abrogation 
of  Et^  receptor  (B3FR)  signaling7  or  within  he  meta¬ 
static  turner  mi  c  rcenvi  rerment  ,*  res  ul  ti  ng  in  less  irvasive 
and  mere  cohesive  cells.  Howe'er,  whether  Kaiso  has  a 
functional  rde  and  specific  invdvementin  B3FR-associ- 
ated  qjihelial-to-rneserchiyrnal  tansiticn  has  not  been 
explored.  Herein,  we  show  hat  Kaisois  hi^ily  expressed 
in  primary  prostate  tuners  and  lymph  node  metasteses, 
wtirii  sigrificant  irxreases  ter  African  Americans  com¬ 
pared  wihi  whte  patiente  in  h^vgade  tuners.  Furtber- 
more,  a  cytoplasmic-to  nuclear  shift  occus  in  tuners  and 
his  correlates  witi  increasing  tuner  grade  arid  (Season 
score.  We  fuhver  icterrified  hat  EGF  induces  nuclear 
loeaizafen  of  Kaiso.  which  siiosequerriy  is  associated 
withan  increase  in  cell  mignalon  and  invasion  and  sup- 
pressicn  of  tuner  suppressor  Ecadherin  expressicn. 
These  result  shew  tihBt  Kaiso  fenefens  in  an  cncogeric 
mamer,  in  which  abemarit  localizafon  in  he  nucleus  is 
ess  acta  I  forprostete  cells  to  acqdre  the  abiity  tometes- 
tesize. 


Materials  and  Methods 

GeH  Culture,  Antibodies,  antf  Reagents 

Hunan  pros  ate  cancer  cell  lines  LNCaP,  DU-145,  and 
PC-3  wae  obtained  hem  he  ATOC  and  roufnely  were 


cultured  in  DJbecco's  moditied  Eagle's  medum  supple 
merited  with  10%  fetal  bovine  serum  (Gibco,  Paisley, 
Scotland)  and  antibiotics  in  a  hunidled  atnosphae  of 
5%  COfiin  air.  h  tiese  conditions  he  cteplicaticn  period 
of  he  cells  is  36  hous. 

DU-145  EG  F  R-  over  exp  ressi  ng  cdls  [wild  type  (WT) 
DU-145]  were  generated  by  tare  feeing  DU-145  cells 
wifi  retroviral-ccnteiring  EGF  R  constructs.7  Primary  ar> 
ribodes  were  chained  as  fellows:  Kaiso  6F  clone  (Ab¬ 
eam.  Boston.  MA)t  anri-Kaiso  clone  6F  (Upsate  Biotech 
ndogy ,  Bllerica,  MA);  arri-Kaiso  12H  (Santa  Quz,  CA); 
p12Dctn,  Ecadherin.  and  N-cacherin  (BD  Ei credences, 
OR),  Mouse  secondary  anribodies,  Aexa  488, 594,  and 
625,  were  obtained  from  Irvitogen  (OP}.  Hunan  EGF 
was  chained  hem  BD  Biosciences  (KY).  The  EGFR-spe- 
cific  tyrosine  knase  inhibitor.  P  0153035,  was  purchased 
from  Cal  Biodiem  (CA).  Other  reagent  were  obtained 
from  Sgma-AJdich  (St.  Lous,  MO). 


Immuncfristochemistfy 

The  prosate  career  Issue  microairays  were  obtained 
from  US  Bicmax  (Rockville,  MD)  or  from  the  Anatomical 
Patidogy  Division  at  tie  University  of  Alabama  at  Bir¬ 
mingham.  The  use  of  tissue  was  approved  by  the  hsti- 
tuticnal  Review  Board  of  boh  Tuskegee  University  and 
the  diversity  of  Alabama  at  Birmingham.  Immurchisto- 
chemisty  was  perfcrmed  using  the  arri-Kaiso  clone  6F 
(Upstate  Biotechnology)  and  12H  clone  (Santa  Ouz) 
as  previously  described.  Duplicate  microarrays  'were 
stained  for  evalualcn  by  immuichistochemistry*  Eriely, 
ceils  were  Windy  scored  by  Vropatidogste  with  similar 
results.  Indvidual  specimens  were  scored  separately  fer 
membranous,  cytoplasmic,  and  nuclear  saining  fer 
Kaiso  and  classified  with  respect  to  tie  intensity  of  in> 
murosteiring,  witi  the  percentage  of  cells  determined  at 
each  stairing  intensity  from  0  to  +4*  To  permit  numeric 
analysis,  tie  prep  often  of  ceils  at  each  intensity  can  be 
multiplied  by  hat  intensity.  Stalstical  analyses  were  per¬ 
fcrmed  using  the  Pearson  test  to  aralyze  tie  relation¬ 
ships  between  cytoplasmic  and  nuclear  expressicn  of 
Kaiso  and  clriccpahdogc  factors. 


trrmjnobiotting 

Ceils  were  gc<wn  to  80%  ccrriuency  in  six- well  plates. 
Lysates  'were  prepared  from  cultued  cells  in  a  sduricn 
ccnteiring  50  mmd/L  Tris,  pH  78;  120  mmd/L  WaCI ; 
0.5%  Ncridet  p-4Q  40  >md/L  pheryl m ethyl Slitting  tiu- 
cride;  SO  >*grtmL  leupeprin;  and  50  jighnL  aproririn  (all 
tiramSigna-Aldrich).  Cells  were  allowed  to  lyse  fer  1  hou 
on  ice.  The  lysed  cells  were  cenriifuged,  and  he  resulting 
supernatants  were  extracted  and  iquanritateid  by  use  of  a 
Bradford  assay.  Lysates  f30  >*g  of  protein)  were  sepa¬ 
rated  by  8%  S  DC  PAGE,  imrmurdolotted,  and  analyzed 
by  chemiluminescence  (Amersham  Biosdences,  WJ). 
Densitomety  was  perfcrmed  using  NIH  ImageJ  software 
version  1 46  (Behescte,  MD). 
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Immunob/otthg  of  SabceHatar  Fractions 

Subcellular  fracfcrafcn  of  ceils  was  performed  as  pre¬ 
viously  described. 10  Cybsdic  and  nuclear  fiacf  cns,  and 
he  DU-14£,  DU-14£  WT,  and  PC-3  cdls  wee  resus¬ 
pended  in  a  hypotonic  buffer  [10  mmd/L  Tris  (pH  7£), 
1  £  mmd/L  MgOfi,  10  mmd/L  KQ,  1  mmd/L  dlhiothrd- 
tl,  pepstafn,  leupeptin]  and  homogenized  using  a  glass 
douncen.  The  cdls  wee  certrifuged  at  13000  x  g  and 
be  supematent  was  cdlected  (cybsdic  hacfcn).  The 
nucla  were  resuspended  in  a  hid>salt  buffer  [20  mmd/L 
HEPE  (p  H  7 .9),  25%  dy  cad ,  Mgdfi,  1 .2  md/L  Kd ,  0.2 
rrmd/L  EDTA,  02  mmd/L  phenylmehylsuifcnyl  luoride, 
1  mmd/L  dthiothrdtl]  and  rotted  at  4>C.  Lysates  then 
were  sqcarated  by  7  £%  SDS  PA/3  E,  imrriLnoblotted ,  and 
analyzed  by  chemiluminescence  (AmershBm  Biosci- 
ences). 


Irrimuriofktofiasc&nce  Microscopy 

Ceils  (3  x  10s)  were  grown  to  80%  ccnfurency  m  glass 
coverslips.  Ceils  ten  we re  fixed  wih  mehanol  a  I  ere  or 
4%  paraformaldehyde,  pemeabilized  wiih  100  rrmd/L 
Tris-HCI  (pH  74).  ISO  rrmd/L  Wad,  10  mmd/L  B3TA, 
1%Trifon  X-100, 1  rrmd/L  pha^ylmethylsuifcnyl  1u*oride, 
and£0>*ghnL  aprofrin(all  from  Signa- Aldrich)  and  sub¬ 
sequently  docked  wih  S%  bovine  serum  album'n  fcr  1 
hour  at  room  temperature.  Idemf  cal  results  were  ottered 
with  boh  mebods.  Samples  were  incubated  wth  indi¬ 
cated  primary  anybodies  diluted  in  docking  buffer  at  4%) 
cverri^it.  Fluorescein  isothiccyanate- conjugated  sec¬ 
ondary  antibody  ( BD  Biosciences )  was  added .  Ceils  then 
were  treated  'with  DAP  I  fcr  nuclear  stering  and  analyzed 
with  a  dsk  scarring  uritccnfocal  microscope  (Olympus, 
Rttbur^i,  PA).  To  determine  he  reialve  intensities .  the 
total  area  of  cytpiasmic  and  nuclar  legions  of  each 
image  was  measured  as  v.<dl  as  the  fcreshdd  intensity  for 
each  chamei  using  Metamcrph  Imagng  Software  ver¬ 
sion  IS  (Mdecular  Devices,  Inc.  Sunnyvale,  CA).  Differ¬ 
ences  between  intensites  then  were  determined  by  Excd 
(Microsoft,  Redmond,  WA).  Bar  gaphs  represent n  =  3 
images  sectioned  and  indvidually  analyzed  fcr  tte  area. 
All  quantitetivedate  were  normalized  to  appropriate  con- 
td  images. 


Quantitative  RT-PCR 

RNA  was  extacted  tom  prostate  cancer  ceils  using 
TRIzd  (hvitogei).  cDNA  was  prepared  uring  Super¬ 
script  III  RrstStand  c  DMA  Synthesis  kite  (hvitogen)and 
detected  by  Kaisospecific  Tacfulan  (IrMtrcgen).  The 
housekeeping  gene  hypoxanhine-guarine  phospboribo- 
syltansferase  (HRPT1;  Applied  Biosy stems,  Carlsbad, 
CA)  was  used  as  an  endogenous  control  for  all  RNA 
samples.  RNA  arBlyses  were  performed  in  triplicate,  and 
fold  change  was  calculated  using  he  AACt  value 
method. 


RNA  Interferanca 

To  generate  steble  short  hairpin  RNA  (shRNA)  Kaiso 
cells,  the  HuSH  29-mer  for  Kaiso  was  provided  in  he 
pFfP-C-RS  plasmid  driven  by  he  US- RNA  promoter. 
Plasmid  DNA  pFFP-OFIS,  containing  purcrrych-resis- 
tantgene,  expressing  Kaiso- speoife  shRNA,  and  scranrv 
bled  shRNA  were  tansfected  inb  DU-14S  or  PC-3  ceils 
usirg  Upxcfec  famine  2000  (Invihogen).  The  medum  was 
replaced  by  T  medium  ccntairrg  2>»gtnL  purcmycin  for 
selection  of  antbiofe-resistentedaries  over  a  period  of 3 
wed<s.  The  puicmycin-resistent  ceils  were  turher  se¬ 
lected  by  use  of  red  fluorescence  protein  as  a  marker  tv 
enrich  fcr  ceils  expressing  shRNA.  sh- Kaiso  ceils  were 
plated  at  clonal  densites,  and  mere  tan  2D  clones  were 
chosen  t>  detemine  the  degree  of  knockdown  Clones 
wih  he  lowest  Kaiso  levels  were  retired  for  furher 
analysis. 

CaV  Migration 

Migraf  on  of  ceils  was  assessed  by  haes  r  ability  tv  move 
into  an  aceildar  area;  this  was  accomplished  with  a 
tw/o-dmensicnal  wound- healing  assay,  as  previously 
described.11  Wih  ceils  at  70%  b  80%  confluence,  a 
denuded  area  was  generated  in  the  midde  of  each 
well  with  a  rufcber  policeman.  The  ceils  then  were  ex¬ 
posed  to  B3F  (0  or  10  nghnL)  and  incubated  fcr  24 
hours  in  dialyzed  media.  The  rate  of  migration  was 
determi  red  and  qua  riffled  in  Metamcrph  Imaging  Soft¬ 
ware.  All  measurement  were  normalized  to  values  for 
con  hols. 

Imasicn  Assay 

Ceil  invasiveness  was  determined  by  thecapaciy  of  ceils 
to  migrate  across  a  layer  of  extracellular  matrix,  matigeJ. 
in  a  Boy  den  chamber.  Briely,  20.QD0  cdls  were  plated  in 
the  mafigd-ccntairing  chamber  in  serum- tee  medium 
centering  1%  bovhe  serum  albumin  fcr  24  hours;  this 
then  was  replaced  with  a  serum- free  medum  fcr  an  ad- 
difcnal  24  hours.  The  rumber  of  ceils  hat  invaded 
through  the  matix  over  a  48  hour-period  was  determined 
by  ccunfng  ceils  hat  stened  wih  crystal  videt  on  he 
bottom  of  the  liter.  All  experiment  were  performed  in 
triplicate. 

Chromatn  irnmunoprecipitaticn  Assay 

Chrtomafn  immunoprecipitticn  experiments  were  per¬ 
formed  wih  the  use  of  he  ChP-  rT  Kit  (Acfve  Morf f ,  Carls¬ 
bad.  CA).  In  brief,  PC3  cdls  were  fixed  in  1%  formalde¬ 
hyde  at  room  tempera  tie  fcr  10  minutes;  the  fxafen 
reaefen  was  stopped  by  addng  a  1 :10  volume  of  lOx 
glycine  he  tbe  at  room  terrperatje  fcr  £  minutes . 
The  ceil  pellet  were  resuspended  and  incubated  fcr  30 
minutes  inice-cdd  lysis  buffer  wtinpheiylmethyisulfcnyl 
fluoride  and  protdnase  rribitr  cocktail.  The  nuclear 
pellets  were  resuisperded  in  shearing  buffer,  and  chro- 
maf n  was  sheared  to  an  average  size  of  200  b  1  £00  bp 
by  soricafcn  at  2£%  power  fcr  10  pulses  of  20  seconds 
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each  with  a  30- second  rest  on  ice  betv,<een  each  pulse. 
Chromatin  (10  >*L)  was  saved  fer  irput  DMA  ccntd. 
Sheared  chrcrrafn  was  incubated  in  chroma  tin  imrnuno- 
pnecipitafcn  buffer  wifi  25  >*L  of  protein  <3  magnetic 
teads  and  ant-Kaiso  antboxty  (Abeam),  mouse  RNA 
Pdymerase  II  (Active  Motifl,  and  rabbit  anybody 
(Actve  Motif)  as  a  negatve  ccntd  on  a  rdling  shaker  at 
4<1C  fir  4  boors.  The  irrmuncprecipitated  chrcmaln  was 
punted  from  the  chrcmatinantibody  mixtue  by  several 
washing  sfeps,  and  he  chrornaln-immrLnoprecipitafed 
DNA  was  eiufed  in  £0  >*L  of  ejuicn  buffer  AM2  (Active 
Motif).  Cross-1  irks  were  reversed  by  adding  50  >*L  of 
reverse  cross-link  buffer.  After  removing  proeins  by 
dgesl on with  proteinase  K,  he  puri t  ed  D  N  A  wa  s  used 
as  templates  hr  PC R analysis.  The  primers  used  were 
designed  to  amplify  a  422- bp  rnehiylated  hagnent 
of  the  E-cadherin  promoter  (-1163  to  -1585):  5'- 
AGGAGGCTGATAGAGGAGAACG3'  and  5'-GATTG  A- 
GACCATCCTGGCTAAC-3' . 


Statistical  Analysis 

For  all  experiment,  stalslcs  were  performed  wih  Mi¬ 
crosoft  Excel  or  Prism  software  version  5.0  (GraphPad, 
La  Jdla ,  CA).  An  independent  Student's  ?-test  was  used 
to  determine  stetistical  dffererioes  between  experimental 
and  ccrtrd  values.  Medan  scores  were  obtained  from  a 
sdoset  of  patent  to  stalstically  evaluate  Kaiso  expres- 
sion.  Tissue  cerreiafons  were  performed  wihi  Malab 
(Mahwcrks,  Inc,  Nafck,  Ml).  P  values  <005  were  con¬ 
sidered  stalstically  signilcant. 


Results 

Kaiso  Expression  and  SubceSular  Localization 

To  evaluate  hie  expression  and  localization  of  Kaiso  d_r- 
ing  prostate  cancer  progressim,  immLnohistochemistry 
was  used  to  evaluate  samples  hem  172 patients,  consist 
ing  of  normal  tissue  (9  patient  \  berigo  prostetic  hyper¬ 
plasia  (14  patents),  adjacent  normal  tissue(17  patient), 
primary  hirers  (142  patents),  and  metestases  (4  pa¬ 
tient).  There  was  low  expression  of  the  Kaiso  protein  in 
luminal  ceils  of  ncncancerous  samples  (Figure  1  A);  ex¬ 
pression  was  prederrinanty  in  he  membrane  or  cyto¬ 
plasm  (Figxe  1 ,  B  and  C).  There  was,  however,  nuclear 
expression  of  Kaiso  in  he  basal  ceils  of  adjacent  normal 
tissue  (Fig_re  IB).  Scoring  for  nuclear  Kaiso  staining 
interfiles  0  to  4  (as  menticnedin  (VfeSa'.atea/xffW^todfe) 
between  normal,  few  Glascn,  and  Ngh  Gleason  are 
summarized  in  Table  1 . 

In  contrast  to  previous  report,  Kaiso  expression  was 
observed  withh  toe  nucleus,  witi  weak  to  moderate  ex- 
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9 
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20 

32 
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29 
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pressicn  in  tuners  wih  low  Gleascn  scores  (Figue  1 D), 
and  strong  intense  egression  in  tunors  with  hi^a  Glea¬ 
son  scores  and  in  rneta stases  (Figure  1 ,  E  and  F).  To 
detetmine  he  clinical  sigilcance  of  sufocellUar  Iccaliza- 
lon  of  Kaiso  expression,  we  performed  f  analysis .  Me¬ 
dan  values  of  scoring  intensities  were  used  to  separate 
he  lew  and  high  turner  gades  and  Gleason  scores. 
Nuclear  expression  of  Kaiso  was  found  to  correlate  sig- 
nilcanly  wih  tuner  grade  of  e2  (P  <  O.OCH )  and  Glea¬ 
son  score  of  e?  (P  <  0.001 )  (Table  2).  Cytoplasmic 
expression  was  observed  in  tuner  samples;  however, 
comdations  wih  cliricopathdogc  featues  wore  not 
found  to  be  significant.  Inxeased  nuclear  expression 
occurred  in  a  stage-specifc  manner,  with  the  largest 
dfferental  expression  between  mete  state  tuners  and 
rcrmal  samples;  however,  diffa-ences  between  primary 
tuners  and  normal  samples  w/ere  sight  cant  as  well  (Fig¬ 
ure  2AX  Fufoier  characterizatcn  of  ruclear  Kaiso  et  pres¬ 
smen  in  hi grade  tunors  of  similar-age  African  American 
men  (c  =  22)  and  white  (n  =  18)  primary  tunors  showed 
hat  African  American  patent:  expressed  higher  mean 
values  of  Kaiso  (P  <  00001 )  independent  of  gade  and 
age  (Rgure2B).  Fufoer  Kaiso  nuclear  expression  sig-if- 
icanty  correlated  wifo  race  (P  =  0.0032)  (see  Supple¬ 
mental  Table  SI  athf9x.//^jp.am)jpa?to(.crg). 

To  determine  w.hefoer  here  is  a  shift  in  Kaiso  localiza- 
ten  in  prostate  tunors,  matched  numal  and  tunar  sam¬ 
ples  were  evaluated  (n  =  13).  Cytoplasmic  expression 
was  decreased  sigiifcantJy  in  paired  primary  tuners 
compered  with  normal  samples  (P  <  0.0001 )  (Figue  2C); 
however,  here  wee  sigificart  increases  in  nuclear  ex¬ 
pression  wifoin  he  same  patents  (P  <  00001 )  (Figure 
2D).  This  analysis  support  he  idea  hat  here  is  a  pro- 
gessive  enhancement  of  abnormal  Kaiso  expression 
during  prostate  cancer  progression  and  thatthe  extent  of 
abnormal  expression  correlates  with  progression. 

Express  oc  wd  SubceNular  Localization  of  Kaiso 
b  Prostate  Oancer  Gall  Lines 

Because  there  have  been  no  reports  of  Kaiso  expression 
in  prostate  cancer  cell  lines,  its  expression  and  localiza¬ 


tion  were  evaluated  in  LNCaP,  DU-14S,  and  PC-3  cells, 
and  in  a  D  U-1 4S  sublire  ( D  U-1 46WT)  hat  was  geaetically 
engreered  fo  cverexpress  B3FR.  DU-146  WT  cells  es¬ 
cape  E(TR  dcwn-regJatcn  and  show  enhanced  irrva- 
siveness  r>  vitro'*  and  in  two.1*  Ouanttatve  RT-PCR 
shewed  hat  Kaiso  levels  were  increased  at  the  mRNA  in 
DU- 146  WT  ard  PC-3  cels  compared  with  LNCaP  and 
DU-146  cells  (see  Supplemental  Figue  81 A  at  httpSf 
ap.amjjpafholcrgO.  Ccnfocai  images  show  hat  Kaiso  is 
located  in  boh  the  cytoplasmic  and  nuclear  compart 
merits  in  all  cell  lines.  However,  the  mere  aggessive 
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DU-14SWT  and  PG3  cells  shewed  increased  presence 
of  nuclear  expression  caripared  wih  LNCaP  and  DU- 
1 45  cells  (see  Supplemenfcl  Figue  SI  B  at  http.//qp. 
yn pit  lot.  erg),  which  was  verified  after  quanificaticn  of 
lucrescent  intensiV  in  each  compartment  (see  Supple- 
menfel  Figire  SIC  at  h«fp// a p. anqjpettol  erg).  The  influ¬ 
ence  of  B3FR  expression  cn  Kaiso  localizalcn  was 
shewn  luther  by  he  feet  that  subcell  Jar  factcns  of 
DU-145  WT  cells  show  increased  nuclear  expression, 
whereas  DU-145  cels  shew  lew  amount  of  nuclar  lev¬ 
els,  which  c  end  a  ted  with  he  ccnfocal  images  (see  Sup¬ 
plemental  Figure  SI  D  athfp.//^jp.armpa«ho(.org).  Thus,  it 
appears  thatthesubcelluiar localizalcn  of  Kaisois  asso¬ 
ciated  wih  E31  R  expression. 

Actisaticn  of  EGFR  Skpaling  Results  in 
Increased  Kaiso  Expression  and  Nuclear 
Localization 

Various  lines  of  evidence  suggest  he  involvement  of 
B3F  R  signaling  in  prose te  cancer.1®’1®  To  identfy  EGF  R 
as  an  upsteam  regJatcr  of  Kaiso,  10  ngfrnL  EGF,  a 
ccncentralcn  shewhg  he  most  significant  fcld  increase 


(dad  not  shown),  was  used  in  a  time- dependent  assay 
ever  24  hours.  DU-145,  DU-145  WT.  and  PC-3  lines 
shewed  ireremendl  increases  in  Ifeiso  expression  at  hs 
RNA  level ;  DU1 45WT  cells  shewed  the  greatest  increase 
(fourfold)  as  early  as  1  hour  alter  EGF  stimJaticn  (Figue 
3A).  hcreases  in  Kaiso  expression  also  were  observed  at 
the  protein  level,  as  determined  by  immucblot.  wih 
sig-ifeant  increases  observed  as  early  as  6  hours  and 
susfeined  over  24  hours  of  exposure  to  ECf  (Figure  3B). 

Because  we  ebseved  hat  increases  h  Kaiso  expres¬ 
sion  are  associated  wih  a  subcellJar  localization  patten 
in  cur  patent  cohort  we  forhar  determined  if  E3FR- 
induced  inc rases  in  Kaiso  expression  coincided  wih  a 
suJocelluiar  localization  in  our  cell  culture  model.  After 
only  0.5  hours,  B3F  caused  perinuclear  accurnuiafcn  of 
previously  dspersed  Kaiso  in  DU-145  cells,  wiih  visible 
nuclear  accumulalcnatl  hour.  Afte  24  hours,  significant 
increases  in  both  cytoplasmic  and  nuctar  expression 
were  observed,  althoui^a  nuclear  expression  wras  he 
mastsignificant(Figue3,C  and  D).  DU-145WT  and  PC-3 
cells,  which  endogenously  express  hi^a  levels  of  nuclear 
Kaiso,  shewed  simiar  tends  as  DU-145  cells.  Boh  cy¬ 
toplasmic  and  nuclear  Kaiso  ex  pres  si  cn  increased  cn 
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exposure  to  B3F ,  however,  nuclear  expression  remained 
significanly  hi^ierlhrou^ojt  tie  exposure  time  periods 
(see  Supplemental  Figure  S2,  A  and  B,  at  htp:f/zjp. 
ampattof.  erg).  To  mere  clearly  define  ihe  rde  of  EGFR 
acivaticn  on  increases  in  Kaiso  expression  and  loca¬ 
lization,  we  used  an  EGFR-specific  Idnase  irhibihr, 
PD1S303S  (SOO  rmd/1.),  in  the  presence  or  absence  off 
B3F.  PCriS303&  sigificanly  reduced  mRNA  Kaiso  ex¬ 
pression  levels  even  after  EGF  preteatment(Figje  3E). 
After  subcelldar  fact]  (nation  and  subsequent  immuno- 
Uotofboth  DU-145  WT  and  PC-3  cells,  we  also  observed 
bat  P  W  S303S  signilcantV  reduced  erpressicn  of  Kaiso 
in  tie  cy bplasmic  and  nuclear  ccmparimene  (Figure  3F; 
see  also  Supplemental  Figire  S2C  at  http/Zap.  ampafbol 
ceg).  which  is  a  reversal  of  the  expression  pattrn  ob¬ 
served  in  endogenously  expressing  ard  EGF-treated 
DU-145  WT  and  PC-3  cells.  Thus,  EGFR  sigreling  posi- 
tvely  affect  Kaiso  expression  ard  subceilular  locali- 
zaticn. 


Promotion  by  Kaiso  of  ECFP-induced  Ptostzfte 
C&ncer  Cell  Migration  end  Ivesian 

To  tirber  define  the  function  of  Kaiso  i n prostate  can¬ 
cer  cells,  DU-1 45  and  PC-3  cells  were  sfebly  trans¬ 
duced  wih  a  plasmid  vector  containing  the  sh- Kaiso 
silencing  sequence  (Figure  4A).  Boh  sh-  Kaiso  DU-1 45 
and  sh-  Kaiso  PC-3  clones  shewed  delayed  migration, 
evenin  he  presence  of  EGF  slmuJation,  as  measured 
by  wound-healing  assays  (Fig_re  4,  B  and  C).  These 
results  show  hat  Kaiso  is  a  mediator  of  EGF R-induced 
migration  of  prostate  cancer  cells.  For  cancer  cells  to 
invade  sunourdng  tissue,  the  cells  must  degrade  the 
underlying  basement  membrane.  To  determine  the 
fund  on  of  Kaiso  in  invasion  by  prostate  cancer  cells, 
sh- Kaiso  PC-3  and  sh-DU-145  were  seeded  onto  a 
liter  coated  with  fufetrigei  and  compeared  wilh  cells 
exposed  b  he  vector  only.  Suppression  of  endoge¬ 
nous  Kaiso  expression  resulted  in  irhi bilion  of  cell  in¬ 
vasion,  reading  ina  reduction  in  the  ability  of  the  cells 
to  invade  thrcuc^i  Matrigel  (Figure  4D). 

Repression  of  E-Cadhe/n  by  Kaiso  n  Prostate 
Cancer  Calls 

h  various  cancer  VP®5,  increased  cell  migralon  and 
invasion  Fbs  been  attibuted  b  gowth  fee  tor-induced 
loss  of  E-cadherin  or  b  hypermethylation  of  the  Ecad- 
herin  promoter.1'7•15  Because  Kaiso  has  high  affiniv  for 
mefi-ylated  dnucleolde  sequences  and  is  regdated  by 
B3FR  (Figre  3A),  we  next  sought  b  determine  whether 
suppression  of  Ifeiso  restored  E-cadoerin  expression  in 
sh- Kaiso  FC-3  cells.  Control  PC-3  cells  and  vectr-only 
cells  showed  no  E-cadherin  expression  as  previously 
reported  ,15  sh  Kaiso  PC-3  cells ,  however,  shew  ei^otfcid 
incrased  expression  of  Ecadherin  mRMA,  as  measured 
by  quanfifelve  FfT-PCR  Furthermore,  he  levd  of  ne-ex- 
pressicn  was  comparable  wh  hatof  PC-3  cells  exposed 
b  the  demehylalng  agent  S-aza-2'-cteoxycytidne  (Fig- 
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ueSA).  There  was  also  an  ircreasein  qcibelial  markers 
Ecadnerin  and  pi  20c in  expression,  and  a  decrease  in 
mesenchymal  markers  N-cadnerin  ard  fbrcnectin  ex¬ 
pression  at  the  protein  level,  as  determined  by  immuno- 
bots  (Figue  SB).  To  determine  wheber  Kaiso  direcly 
bnds  to  E-cadnerin,  we  perfcmned  a  chromatin  immuno- 


predpitaiicn  assay.  Immiuncprecipitated  DMA  was  incu¬ 
bated  wih  ant- Kaiso  antibody,  ant-RNA  pd  II  positive 
conrd),  or  IgG  antibody  (negatve  contrd),  and  s ob¬ 
jected  te  PCR  wih  specif  c  primers  designed  te  amplify 
Une  Kaiso  (mCGrnCG)  bndhg  sites  in  tie  Ecadnerin 
promote-  regcn.  Ctu  resdts  shewed  bat  be  Kaiso  anl- 
boc^p  (not  negative  ccntd  Ig3  antiboc^)  enriched  a 
mOGmCG  fragment  wihin  the  E-cadnerin  promote-  (Fig- 
ue  SC).  These  reside  shew  thBt  Kaiso  can  bind  drectly 
to  methylated  regons  in  the  Ecadherh  promoter  in  PC-3 
cells. 

Itis  veil  recogrized  bat  membrane  expression  of  E 
cadnerin  regJates  cell  pdariv  ard  increases  cell-cell 
ednesiveness,  limiting  ihe  migratory  abili^  of  tumor 
cells.10,1®  Theretre,  we  pa-farmed  immurolucrescence 
for  Ecadnerin  and  p120ctn  in  sh- Kaiso  PC-3  cdls  com¬ 
pared  wih  v«ectcr  only  sh-Scr  PC-3  cells,  sh  Kaiso  cells 
showed  E-cadnerin  at  cell-cell  ccntects  as  well  as  in¬ 
creased  p120ctn,  vhich  is  rate  limilng  for  Ecadnerin 
steblity,*0*1  at  he  celUar  membrare  (Figue  SD)  Fu- 
theimcre,  sh- Kaiso  PC- 3  cells  also  shewed  more  of  an 
epihelial  morphology  compared  wti  he  mesenchymal 
morphology  shown  by  sh-Scr  FC-3  cells  (Figue  SC). 
Cdlectively,  hese  resdts  suggest  hat  BSFR-regJated 
expression  and  subcelldar  re-localizafcn  of  Kaiso  pro¬ 
motes  mehylalicn-related  gene  silencing  of  E-cadherin. 


Discussion 

Kaiso  previously  was  observed  to  be  localized  predem 
inatdy  in  hecytplasm  of  various  Uti  or  types,  including 
prostate  cancer."  Herein,  we  ebseved  posilve  nuclear 
expression  of  Kaiso  in  aggessive  tuners  from  prostate 
cancer  patents.  This  expression  protle  was  r>p reduc¬ 
ible  uing  two  commercially  availabe  antibodes  to  bote 
ihe  6F8  and  12H  epitpes.  Semiquantitalve  analysis  of 
Kaiso  expression  shews  hat  nuclear  expression  signil- 
canty  correlates  wih  increasing  tumor  grade  and  Glea¬ 
son  score.  A  correlation  wh  nuclear  expression  and  PSA 
levds  also  was  ebssved,  alhojghitwas  rot  found  te  be 
sig-ifeant,  possiby  owing  to  the  limited  nurber  of  pa¬ 
tient  wih  documented  PSA  infermaten.  AJthou^n  a  large 
number  of  patents  showed  nuclear  posifvity,  we  indeed 
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cbsaved  cytoplasmic  expression  within  our  patent  co¬ 
hort  Low  levels  of  expression  were  observed  in  be  cy- 
tplasm  in  normal  and  berigv  patents.  Critcal  analysis 
of  a  subpcpdalon  of  nomnal/fomcr  paired  samples  tom 
13  indvicLal  patens  shewed  bat  alhou^v  Kaiso  ex¬ 
pression  was  cytpJasrric  in  normal  issues,  be  come- 
spending  nralignart  samples  showed  a  shft  to  be  nu¬ 
clear  compartment  Furhermcre.  cdmectal  Urcrs  bom 
be  Mtx2~'~  invivo  mouse  mode)  also  shewed  sigritcant 
increases  in  Kaiso  expression,  as  we)l  as  positive  nuclear 
exp  res  si  or i  compared  wibi  normal  matched  centre!.** 
These  firdngs  forther  emphasize  a  rde  for  nuclear  Kaiso 
in  Unorigenesis. 

Various  cell  types  have  dismayed  subcelleiar  localiza- 
ten  of  Kaiso  in  culture.  A  report  by  Soubryetal44  shewed 
bat  micrcnervircrmenfel  diffeences,  such  as  two-di- 
mensicnal  versus  three-dmensienra)  Matige)  cuiforeccn- 
dtiers  cr  ceil  densiv.  influences  bob  subceJIuiar  local- 
iza lien  and  expression.  Dense  thee-dimensicral  cuifores 
of  nenturreri  genic  MCF-1 QA  cells  over  a  mdtday  period, 
showed  a  cytoplasmic  re-localization  and  eventual  loss  of 
Kaiso  expression  as  c Litres  become  dense,  whchalso 
is  associated  wifi  E-cadherin  present  at  be  membrane. 
HT29  or  SMS  colon  cancer  cells,  which  dsplay  nuclear 
Kaiso.  dd  not  show  a  difference  in  Kaiso  locaizaton, 
even  under  hypoxic  ccnditcns.  How e’er.nosirgefector 
has  been  associated  wilh  localization  of  Kaiso  in  the 
cytoplasmic  and  nuclear  compartments  tc  cfete.44*44,4* 
B3F,  abordanty  secreted  in  the  primary  turner  micnoen- 
■v Torment,*'5-*7  is  up-regulated  dring  hypoxia , 23  and  is  a 
robust  promoter  of  cell  migaticn,  irvasicn,  and  metasta¬ 
sis.14,4®  Common^  used  DU-14S  and  PC-3  cells,  and  a 
DU-14S  WT  cell  line,  in  which  we  overexpress  BjFR,144° 
reveal  bat  the  more  aggressive  DU-14S  WT  and  PC-3 
cells  show  increased  Kaiso  expression  and  nuclear  lo- 
calizalcn,  whereas  LNCaP  and  DU-145  cells  show  lower 
levels  and  an  increased  ralo  of  cytcpiasmic-te-nuclear 
Kaiso.  Furhemncre,  bis  is  independent  of  cdtire  den¬ 
sity.  This  w.odd  suggest  that  Kaiso  sdocdldar  localiza- 
Icn,  at  least  in  part,  is  inluenced  by  Kaiso  levels  wiihin 
be  cell.  There  are  two  ines  of  evidence  in  sop  pert  of  bis 
hypolhesis.  First,  we  observed  that  B3F  stimidalcn  re 
sdts  in  an  ire  rased  expression  and  a  cytoplasmic-to- 
ruclar  expression  shiftin  DU-145  cells.  However,  in  the 
reverse  experiment  in  DU-1 4SWT  and  PC-3  cells,  block¬ 
ing  B3FR  signaling  resdted  in  a  decrease  in  overall 
Kaiso  levels  in  both  the  cytcplasmic  and  nuclear  com- 
parlmenfe.  Second.  Madirv  Darby  canine  kidvey  epithe¬ 
lial  ceils  and  MCF-7  breast  cancer  cells,  which  boh  ds¬ 
play  Kaiso  predominately  in  he  cytplasm,  dsplay 
immediate  nuclear  expression  after  cverexpressicn  with 
Kaiso  cDNA  in  both  cell  lines.41  The  feet  hat  activation  or 
attenuation  of  EGF  R  sigraling ,  as  opposed  to  cell  densiv 
alone  modJated  Kaiso  expression  and  loealizatien  is 
likely  owing  to  reinforced  a  uterine  signaling  in  the  hi^nly 
aggressive  carcinoma  cell  lines  compared  with  noncar¬ 
cinoma  anchor  early  stage  carcinoma  cell  lines,  which  do 
rot  possess  bis  feature.  AJhoucfo  we  dd  rot  defermine 
wbeher  Kaiso  is  phosphorated  in  response  to  B3F,  it 
appars  that  Kaiso  is  similar  toother  cancm-neiated  tran¬ 
scription  fectcrs  (ERK  and  ZEB1 )  bat  normally  reside  in 


the  cytoplasm  urrfl  hey  are  signaled  to  ta relocate  to  he 
nucleus.  These  Indings  establish  hat  expression  and 
subceJIuiar  locaiizalon  of  Kaiso  is  at  least  parially  inlu¬ 
enced  by  E<^  R. 

We  have  found  in  prostate  carcircma  lines  that  inhibi¬ 
tion  of  the  autocrine  B3FR  loop  (and  likely  the  B3FR- 
induced  hepatocyte  grewh  factor/c-met  autocrine 
loop14),  ejhsrbydrectdsrupticn  of  the  signaling  loeper 
by  seccrcfery  site  sigvaling  frare-atfenuatia-i,  result  in 
E-cadherin  re- expression  and  a  re-localizalcn  of  boh 
pISDctnand  E-cadherin  to  cell-cell  confect . 15,4444  E 
cadverin  expression  is  dewnregdated  by  two  mecha¬ 
nisms:  posttansiaticnal  mcdilcatiorP*  cr  hrypermethyl- 
aticn  of  promoter.**  In  addlcn  to  E-cadherin,  he 
proposed  Kaiso  ferget  gene  SA1 0QA4  (mt-1 )  Vpically  is 
silenced  by  mehylalcn  in  epithelial  turners  ,*-*T  ard  has 
bee-i  implicated  in  B3F  FI-mediated  cell  mifalcn  as 
well.1*'*44  Our  results  shewed  lhatshRNA-trgeted  cte- 
plefcn  of  Kaiso  in  boh  DU-145  and  PC-3  cells  shewed 
decreased  cell  mifalcn  and  invasion,  even  in  the  pres¬ 
ence  of  B3F  stimJalon.  Furhermcre,  sh- Kaiso  PC-3 
cells,  which  have  a  partally  methylated  E-cadherin  pro¬ 
moter,4"1  re-express  E-cacherinat  RNAard  protein  levels 
similar  to  hose  caused  by  exposure  to  the  demehyiating 
agevt  5-aza-2'-deo«ycy1dne.  Similar  to  findngs  in 
N IK3T3  cells  .*  we  did  observe  that  Kaiso  direcly  birds  to 
Cprf3-rich  regions  in  he  Ecadherin  promoter.  As  a  result 
of  E-cadherin  re-expressim,  sh- Kaiso  cdls  also  dis¬ 
played  merphdoge  changes,  which  coincided  with  de¬ 
creases  in  he  mesenchimal  markers  W-cadherin  and 
fibrcnecln.  Toother  these  markers  are  of  clinical  impor¬ 
tance  in  detamiring  epihelial  versus  mesenchimal  cells 
in  various  fomcr  types  including  prostate  career.41  We 
did  not  observe  any  changes  inS10CP4  cr  MtoP  expres¬ 
sion  in  his  mode)  (data  not  shown),  althou^v  both  have 
beev  irrpicated  in  B3FR  sigvaling.  This  is  surprising, 
given  thBt  both  SA1 0QA4  and  totuP-7  have  been  linked  to 
Kaiso  hreug h  rn ehyi a ti on  cr  consensus  sequence  bind¬ 
ing.14,41  However,  cdectively ,  our  indhgs  suggest  that 
Kaiso  is  a  promoter  of  cell  migralcn  brooch  loss  of 
cell- cell  cohesiveness. 

These  observations  provide  a  plausible  explanation  for 
a  number  of  everts  during  the  profession  to  agfessi  ve- 
ness  in  epithelial  tumors.  For  exarrple,  Ecadverin  pro¬ 
moter  is  hypermethylated  in  most  early  stage  lobular 
breast  tumors;  however,  express  ion  of  Ecadherh  protein 
is  refeined.  His  only  in  late-sfege  tumors,  which  coincide 
wih  our  observed  nuclear  Kaiso  shift,  hat  a  lack  of  E 
cadverin  protein  expression  coincides  wih  promoter  h^- 
permehylalon.4*  tuixe  specilcally,  immLnchistochemi- 
cal  sfeiring  dispfeyed  loss  of  pri20cto  ard  Ecadverin 
expression  at  he  leadng  edge  of  squamous  cell  carci¬ 
nomas,  which  edrddes  with  nuclear  Ifeiso  positiviV*4 
Although  a  Kaiso-pl  20cto  complex  has  been  ebseved  in 
the  rudeus  of  other  cell  types,1*4*'4*  similar  to  squa¬ 
mous  cell  carcinomas,  nuclear  p120ctn  has  not  been 
observed  in  prostate  tumors  444*  We  dd  not  observe 
nuclear  pi  20c  h  in  any  of  he  prostate  cancer  cell  lines, 
even  alter  B3F  tea  merit  (daG  not  shown).  Thus,  he 
p120ctn- Kaiso  relalhnship  in  he  nucleus,  at  l®st  in 
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prostate  cancer,  does  not  appear  to  contribute  to  aggres¬ 
siveness. 

The  observation  that  Kaiso  was  increased  in  African 
Arrerican  patients  was  intriguing.  Several  reports  have 
shown  that  EGFR  is  overexpressed  in  African  American 
prostate  cancer  patients.46  In  addition,  SCSI,  which  is  a 
regulator  of  EGFR  expression  and  downstream  signaling, 
also  is  increased  in  African  American  prestate  cancer 
patents  as  well.47  Because  our  findings  show  that  Kaiso 
expression  is  positivity-influenced  by  EGFR  activation,  it 
is  possible  that  overexpression  of  EGFR  contributes  to 
increased  Kaiso  levels  in  this  patent  population.  Al¬ 
though  this  currently  remains  speculative,  it  does  begin 
to  provide  more  insight  into  why  African  Amerban  pros¬ 
tate  cancer  patents  show  more  aggressive  disease  pro- 
gressbn  than  do  white  patients  in  epictemiobgb  stud- 
ies.4®49  More  work  should  be  performed  to  further  define 
this  relatbnship,  specifically  in  African  American  prostate 
cancer  patients. 

In  summary,  Kaiso  cytoplasmic-to-nuclear  localization 
correlates  with  many  features  of  prostate  cancer  progres¬ 
sion,  including  race.  Epithelial-to-mesenchyrral  transition 
has  been  identifed  as  a  common  mechanism  underlying 
therapeutic  resistance  and  has  been  linked  to  poor  prog¬ 
nosis  in  many  types  of  cancer,  including  prostate  can¬ 
cer.50  The  fact  that  we  found  that  Kaiso  is  regulated 
through  EGFR  activity  provides  additional  mechanistic 
insight  into  the  signaling  pathway  that  apparently  contrib¬ 
utes  to  aggressive  prostate  cancer.  Because  a  large 
number  of  tumor/metastasis  suppressor  genes  are  si¬ 
lenced  as  a  result  of  methylation,  Kaiso  could  be  acentral 
regulator  of  many  key  events  that  contribute  to  tumori- 
genesis  and  aggressiveness.  Targeting  of  growth  factor 
receptors  has  shewn  minimal  therapeutic  effects  for  pros¬ 
tate  cancers.  Nevertheless,  targeting  of  downstream  me¬ 
diators  of  metastasis,  such  as  Kai90,  could  be  a  ratfonal 
approach  for  developing  a  new  target  for  directed  ther¬ 
apies. 

Aokno  wledgmen  t 

We  thank  the  members  of  the  Yates  laboratory  for  their 
comments  and  discussfons. 

References 

1.  Stangelberger  A.  Wakdert  M.  Djawan  B:  Prosit  cancer  h  elderly 
men.  Ffev  Urol  2008,  10:111-119 

2.  Lopes  EC.  Vails  E.  Figueroa  ME.  Mazur  A.  Meng  R3.  ChbsbG,  Laiid 
PW.  Schreiber-Agus  N.  Greally  JM.  Prckhortohouk  E.  Me  hick  A: 
Kaiso  contributes  to  DNA  rnethy  fat  ion-depen  dent  silencing  of  tumor 
suppresor  genes  h  colon  cancer  cell  Ihes.  Cancer  Res  2008,  68: 
7258-7263 

3.  Yoon  HG.  Chan  DW.  Refolds  AB.  Qh  J.  Wong  J:  N-CoR  mediates 
DNA  me  try  lacticn -dependent  repression  through  a  methyl  CpG  bhd- 
hg  proteh  Kaiso.  Mol  Cell  2003.  12:723-734 

4.  Daniel  JM.  Reynolds  AB:  The  eaten  h  p12Q(ctn)  rite  rads  with  Kaiso, 
a  novel  BTB/POZ  domah  zinc  fhgertranscription  factor.  Mol  Cell  Bbl 
1999. 19:3614-3623 

5.  ProMnortchoi_k  A.  Herd  rich  B.  Jorgensen  H.  RuzovA.Wiim  M.Geor- 
giev  G.  Bird  A.  Prckho rtohouk  E:  The  p120  catenin  partner  Kaiso  isa 
DNA  methy  faticn-de  pendent  transcriptional  rep  re  so  r.  Genes  Dev 
omi 


6.  DaiSD.  Wang  Y.  Mteo  Y.  ZhaoY,  Zhang  Y.  Jfang  GY.  Zhang  PX.  Yang 
ZQ,  Wang  EH:  Cytopte=mb  Kaiso  is  assoc  fated  witr  poor  prognosis 
h  nen -small  cell  Lng  cancer.  BMC  Cancer 2009,  9:178 

7.  Wells  A.  Welsh  JB.  Lazar  CS.  Wiley  HS^  Gill  GN.  Rosenfeld  MG: 
Ligand-  induced  transformation  by  a  nonhtemaliz  hg  ep  dermal 
growth  factor  receptor.  Science  1990.  247:962-964 

8.  Marne  U.  Myers  RB.  Srvastawa  Si  Grizzle  WE:  Re:  loss  of  tumor 
marker- rmmunostah  hg  intensity  on  stored  paraffh  sides  of  bieast 
cancer.  J  Natl  Cancer  hst  1997,  89:585-686 

9.  Grizzle  W.  Myers  R.  Marne  U.  Stock  and  C.  Hark  ns  L  SrivastavaS: 
Factors  Affect  hg  hrmcnch  istcchem  ical  Evaluation  of  Bbmarker  Ex¬ 
pression  h  Neop testa.  Edited  by  Ml-teZ  Wateszek.  New  Jersey.  Hu¬ 
mana  Press.  Inc.  1998,  pp  161-179 

10.  Graham  TR.  2nau  HF  Odero- Marsh  VA,  OsurkoyaAO,  Kimbro  KS. 
Ti^nicuart  M.  Liu  T.  Simons  JW.  O'Regan  RM:  Insulh-lke  growth 
factor-l-de  pendent  up -regutetbn  of  ZEB1  drives  ep  ithelbl-to-mesen- 
chymal  transition  h  human  prostate  cancer  cells  Cancer  Res  2008, 
682479-2488 

1 1.  Yates  CC.  Whaley  D.  Kubsekersn  P.  Hancock  WW,  Lu  B.  Bodnar  R. 
Newsome  J.  Hebda  PA.  Wells  A:  Delayed  and  deficient  dermal  mat¬ 
uration  h  mice  lacking  he  CXCR3  ELR-negatve  CXC  c  hem  ok  he 
receptor.  Am  J  Patrol  2007.  171:484-495 

12.  Daniel  JM.  Sprfrg  CM.  Crawford  HC.  Reynolds  AB.  Bag  A:  The 
p  120(ctn) -b ind hg  partner  Kabo  is  a  bi -modal  DNA-bindhg  proteh 
that  reoogi  izes  both  a  sequence  -specif  b  consensus  and  methy  teted 
CpG  dhucleotdes.  Mucleb  Acids  Res  2002,  30:2911-2919 

13.  Xie  H.  Turner  T.  Wang  MH.  Srgh  RK  Siegal  GP.  Wells  A:  In  vitro 
hvasiveness  of  DU -146  human  prostate  carohcma  cells  is  modu¬ 
lated  by  EGF  receptor-med teted  signals.  Clh  Exp  Metastasis  1995. 
13407-419 

14.  Turner  T.  Chen  P.  Goodly  U.  Wells  A:  EGF  receptor  signal  hg  en¬ 
hances  h  vwo  nvasweness  of  DU-145  human  prostate  carcinoma 
cells.  Clh  Exp  Metasfasis  1996.  14:409-418 

1 5.  Gan  Y .  Shi  C .  Inge  L,  H  ibner  M .  Balducci  J .  Huang  Y :  Dfferentfal  roles 
of  ERKand  Akt  patv*ays  h  regutetbn  of  EG  FP-med  rated  signaling 
and  motiliy  h  prostate  cancer  cells.  Oncogene  2010, 29:4947-4958 

16.  T  rabh  AM.  Morgentaler  A:  Ep  dermal  growth  factor  receptor  expres¬ 
sion  escapes  androgen  regulation  h  prostate  cancer  a  potential 
molecular  switch  for  tumour  growth.  BrJ  Cancer  2009,  101:1949- 
1956 

17.  LiLC.ZhaoH.  Nakajrna  K Oh  BR.  Ribeiro  Fiho  LA.  Carroll  P.  Dahiya 
R:  Mehyteticn  of  the  E-cadherh  gene  p  romoter  cone  tales  with  pro- 
g region  of  prostate  cancer.  J  Urol  2001, 166:705-709 

18.  Yates  CC .  Shepard  C R .  Stolz  CB.  Wells  A:  Co-cultrrhg  human  pros¬ 
tate  carcinoma  cel  Is  with  he  patocytes  leads  to  increased  expresbn 
of  E-cadherh.  Br  J  Cancer 2307.  96:1246-1252 

19.  Chunthapcng  J.  Seftor  EA.  Khakhali -Ellb  Z.  Seftor  RE.  Amir  S. 
Lubaroff  DM.  Hedger  PM  Jr.  ferdrtc  MJ:  Dual  rotes  of  E-cadherh  h 
prostate  cancer  invasion.  J  Cell  B  be  hem  2004,91:649-661 

20.  Reynods  AB.  Carnahan  RH:  Regulation  of  cadherh  stability  and 
turnover  by  p120ch:  rmplbaticns  h  disease  and  cancer.  Semin  Cell 
Dev  Bbl  2004. 15:857-663 

21.  Mrao  Y.  Liu  N.  Zhang  Y.  Liu  Y.  Yu  JH.  Dai  SD.  Xu  HT.  Wang  EH: 
p120ctn  isoform  1  exp  re$bn  significantly  cone  fates  with  abnormal 
expresbn  of  E-cadherh  and  poor  survival  of  lug  cancer  patients 
Med  Oreo  1 2010.  27880-886 

22.  Soubry  A.  van  Hengel  J.  Partnoers  E.  Colpaert  C.  Van  Marck  E. 
Waitregny  D.  Reynolds  AB .  van  Roy  F:  Exp  reason  and  nuclear  loca¬ 
tion  of  he  transcriptional  repressor  Kaiso  is  regulated  by  he  tumor 
mbroenvi  ferment.  Cancer  Res  2005 . 65:2224-2233 

23.  ProMnortdnoLk  A.  Sansom  O,  Self  ridge  J.  Caballero  IM.  SaJozhh  S. 
Aihazhha  D.  Cerchietti  L,  Meng  FG,  Augenlicht  LH .  Marfadason  JM. 
Hand  rich  B.  Mehick  A.  ProMnortchoik  E.  Clarke  A.  Bird  A:  Kabo- 
defbient  mice  show  resistance  to  intestinal  cancer.  Mol  Cell  Biol 
2006,  26:199-208 

24.  Keiy  KF.  Spring  C  M .  Otdne  re  AA.  Dan  iel  J  M :  N  LS. -dependent  nuclear 
localization  of  p120ctn  is  recessary  to  relieve  Kabo-rmed fated  tran¬ 
scriptional  repression.  J  Cell  Sci  2004,  117:2675-2686 

25.  ParkJI,  Kim  SW.  Lyons  JP.  Jl  H.  Nguyen TT.ChoK,  Barton  MC.  Deroo 
T.  Vtemhckx  K.  Moon  FfT.  McCrea  PD  Kaiso/p  1 20-catenh  and  TCP f 
beta-catenh  complexes  coord  hate  ly  regufate  canonical  Writ  gene 

♦amote  Hom  rail  OHTft 


1846  Jonas  et  al 

AJP November  2012,  Vol.  131,  No.  5 


26.  Amalhei  C:  [Recip  local  epithelio-stromal  interactions  h  noimaland 
neoplastic  prostate],  Fbmanian.  Rev  Med  Chir  See  Med  Nat  Iasi 
2006,  110391-398 

27.  Lin  J .  Freeman  M  R:  T  ransactivaticn  of  Eft  B1  and  Eft  B2  recepto  is  by 
angbtensh  1 1  h  noimal  human  p  rostate  stromal  ce  1(5.  Prostate  2003, 
64:1-7 

28.  FechnerG,  MullerG, Schmidt  D,  Garbe S,  HauserS,  Vaupel  P.  Muller 
SC:  Brafoatfen  of  hypoxia -med  feted  grewfo  factors  hanovel  bladder 
cancer  animal  model.  Anticancer  Res  2007,  27:4225-4231 

29.  AngeLcciA.Grsw haGL,  Ffocci  N.  MillrnaggiD,  FestuccfeC,  MuziP, 
Teti  A,  Vicenthi  C,  Bologna  M:  Sup p  lesion  of  EGF-R  signaling 
reduces  the  hcidence  of  prostate  cancer  metastasis  h  nude  mice. 
Endocr  Relat  C^cer2006,  13:197-210 

30.  Yates  C,  Wells  A,  TumerT:  Luteinfeng  hoimone-re  leasing  hoimcne 
analogue  reverees  the  cell  adnesicn  profile  of  EGFR  overexpressing 
DU -146  human  prosfate  care  rema  sub  line.  BrJ  Career  2305.  92: 
366-375 

31.  Daniel  JM,  Ireton  RC,  Reynolds  AB:  Morcclcral  antibodiesto  Kaiso: 
a  novel  transcription  factor  and  p120ch -binding  protein.  tybridema 
2001.  20:159-166 

32.  Mamoune  A.  Kasis  J,  Khara.it  S,  KloekerS,  Manas  E.  Jones  Q4, 
Wells  A:  DU  145  human  prostate  carohcma  hvasrveness  is  modu¬ 
lated  by  urokinase  recept) r(uPAR) downstream  of  epidermal  growfn 
factor  receptor  (EGFR)  signal hg.  Exp  Cell  Res  2004, 299:91-100 

33.  Wells  A,  Yates  C,  Shepard  CR:  Ecadherh  as  an  hdicator  of  mesen¬ 
chymal  to  epithelial  reverthg  transitions  during  tie  metastatfc seed- 
hg  of  dissem hated  carcinomas.  Clh  Exp  Metasfasis  3308,  25:621- 
628 

34.  Yates  C,  Snepard  CR.  Papworti  G,  Cash  A,  BeerStob  D,  Tamen- 
baum  S,  Griffith  L,  We  lls  A :  Novel  three  d  rnensicnaJ  oiganotyp  ic  liver 
b  breactor  to  d  ireefy  v  isualize  earV  events  h  metasfatb  p  rog  lessen. 
Adv  Cancer  Res  2007,  97225-246 

35.  JaiAtari  AU,  Farting  MJ,  Pignatelli  M:  The  E-cadherh/epideimal 
growth  factor  receptor  inteiactbn:  a  hypothesis  of  reciprocal  and 
reversible  control  of  intercellular  adhesbn  and  cell  p  rol'iferatfon. 
J  Pathol  1999,  187:155-157 

36.  Graff  JR,  Herman  JG,  Lap  bus  RG,  Chopra  H,  Xu  R.  Janaid  DF, 
Isaacs  WB,  PitiaPM,  DawdsonNE,  BaylhSB:  E-cadherin  exp  lessen 
is  silerced  by  DN4  hypermethy latbn  h  human  breast  and  prosfate 
carohomas.  Cancer  Ftes  1995,  56:5195-6199 

37.  Ogden  SR,  Wrobfewski  LE  Weydig  C,  Fbmero-Gallo  J,  O'Brien  DP. 
Israel  DA ,  Krishna  US,  Fng  leton  B ,  Reynolds  A  B,  Wessfe  rS,  Peek  R  M 
Jr  p130  ard  Kaiso  regulate  Helicobacter  pybri-rduced  expressbn 
of  matrix  metalloprotehase-7.  Mol  Bbl  Cell  2008,  19:4110-4121 

38.  Mimori  K,  Yamashita  K,  Chfa  M.  Ycshhaga  K.  Ishkawa  K,  Ishii  H. 
UteunomyaT,  BainaidGF,  houe  H.  Mori  M:  Coexpre$bn  of  matrix 
metalb  proteinase -7  (MMP-7)and  ep dermal  growth  factor  (EGF)  re¬ 
ceptor  h  cobrectal  cancer  an  EGF  receptor y  roshe  khase  inhibitor 


is  effective  agahst  MMP-7-expresshg  cancer  cells.  Clh  Career  Res 
2C04,  10:8243-8249 

39.  KlhgehoferJ,  Moller  HD, Sumer EU,  Beig CH,  Pouben  M.  Kiiyushko 
D,  SorckaV,  Ambarteumfen  N,  Grigorian  M,  likandh  EM:  Ep  dermal 
growth  factor  receptor  ligands  as  new  extracellular  targeto  for  tie 
metastasts-p romothg  S10Q44  protein.  FEBSJ  3339,276:5936-5948 

40.  Fie  nhod  WC ,  Fleimere  MA.  Maunakea AK,  Kim  S,  Labab  d  i  S.  Scheif  U. 
Sharkavaram  UT.  Z  teg  ler  MS,  Stewait  C .  Kouros-Mehr  H ,  Cui  H .  Dolg  i- 
now  D,  Scudero  DA,  PcmmierYG.  Muiroe  DJ,  Fehbeig  AP,  Wehsteh 
JN:  Detailed  DNA methybibn  profilesoftie  E-cadherh  p romoter h  the 
NCI-60  cancer  cells.  Mol  Career  Ther  2007, 6:391-403 

41.  Gravdal  K,  Halvorsen  OJ.  Kaukaas  SA.  Akslen  LA:  A  switch  from 
E-cadherin  to  N-cadheih  expression  hd bates  epitielial  to  mesen¬ 
chymal  transitbn and  Isof  strong  and  independent  hi  portance  for  tie 
progress  of  prasfate  cancer.  Clh  Career  Res  2007,  13:7003-7011 

42.  Zou  D,  Yocn  HS,  Fferez  D,  Weeks  FU,  Quilfoid  P,  HumarB:  Epigenetic 
silencing  h  nen  -nec  p  fasne  ep  ithelia  dentifies  E-cadierh  (C  DH1 )  as 
a  taiget  for  chemop reventicn  of  lobular  neoplasia.  J  Parrhol  2009, 
218:266-272 

43.  Kelfv  KF,  Otohere  AA,  Graham  M.  Daniel  JM:  Nuclear  import  of  tie 
BTBlfPOZ  transcriptional  regulator  Kaiso.  J  Cell  Sci  2004, 1 17:6143- 
6152 

44.  LuQ,  Dobbs  U,  Gregoiy  CW,  Lanfoid  GW,  Reveb  MP,  ShappellS, 
Chen  YH:  Increased  expression  of  delta-catenhjheural  plakophilin- 
refated  armadilb  prote'n  tsa^cefeted  with  the  ctown-regubtion  ard 
red istributbn of  E-cadheih  and  p120cti  h  human  prostate  cancer. 
Hum  Ratiol  2005,  36:1037-1048 

45.  Kaitakuiy  BV,  Sheehan  CE.  Whn-Deen  E,  Oliver  J.  Fisher  HA,  Kauf¬ 
man  RPJr,  RossJS:  Decreased  expression  of  catenhs (alpha and 
beta),  pi 20  CTN,  and  E-cadherh  cell  adhesbn  protehs  and  E- 
cadherin  gene  promoter  melhy latbn  h  prosfalic  aderccarc  hemas 
Cancer  2001,  92:2786-2795 

46.  Shuch  B,  Mkhail  M,  Safagcpan  J,  Lee  P,  Yee  H,  Chang  C,  Cordon- 
Cardo  C.  TanejaSS,  Osman  I:  Ffaclal  disparity  of  epdeimal  growth 
factor  receptor  expressbn  h  prosfate  cancer.  J  Clh  Oncol  3304, 
224725-4729 

47.  Timofeeva  OA,  Zhang  X,  Flescm  HW,  Va^hese  RS,  Kallakury  BV, 
Wang  K,  JiY,  CheemaA,  Jung  M,  Brown  ML,  Fhim  JS,  Dritschilo  A: 
Enhanced  exp re$bn  of  SOS1  is  detected  h  prostate  cancer  epitie- 
lial  cells  from  African-American  men.  ht  J  Oncol  2009,  35:751-760 

48.  Evans  S,  Metcalfe  C,  Ibrahim  F,  Reread  R,  Ben-9nbmo  Y:  Investigat¬ 
ing  b  lack -white  differences  h  prostate  cancer  prognosis:  a  %stem- 
atfo  rev  few  and  meta-analysis,  ht  J  Cancer  2008,  123:430-435 

49.  Beiger  AD.  Safagcpan  J,  Lee  P,  TanejaSS,  Osman  I:  Differences  h 
clhbopathobgic  features  of  prostate  cancer  between  black  and 
white  patients  treated  h  the  1990s ard  2000s  Urology  3306,67:120- 
124 

50.  Nauseef  JT.  Henry  MD:  Ep Khelial-to-rneserchymal  transitbn  h  pros¬ 
tate  cancer  paradigm  or  puzzle?  Nat  Rev  Urol  2011,  8428-439 


7 


Prostate  Tumor  Cell  Plasticity: 

A  Consequence 

of  the  Microenvironment 

Clayton  Yates 


Abstract 

During  each  step  of  prostate  cancer  metastasis,  cancer  displays  phenotypic 
plasticity  that  is  associated  with  the  expression  of  both  epithelial  and  mes¬ 
enchymal  properties  or  an  epithelial  to  mesenchymal  transition.  This  phe¬ 
notypic  transition  is  typically  in  response  to  microenvironment  signals  and 
is  the  basis  for  basic  cancer  cell  survival  (e.g.  motility  and  invasion  versus 
proliferation).  In  this  review  we  discuss  the  loss  and  gam  of  E-cadherin 
expression  as  a  marker  of  tumor  plasticity  throughout  the  steps  of  metas¬ 
tasis,  and  particularly  focus  on  dynamic  tumor-stromal  interaction  that 
induce  a  cancer  cell-associated  mesenchymal  to  epithelial  reverting  transi¬ 
tion  in  the  bone  and  liver  microenvironments. 


7.1  Epithelial  to  Mesenchymal 
Transition 

Histological  evidence  of  distinct  neoplastic  cell 
types  within  a  tumor  mass  were  observed  as  early 
as  1978  [1].  There  are  two  main  cell  types;  epi¬ 
thelial  and  mesenchymal  cells,  albeit  most  tumor 
cells  are  derived  from  epithelial  origins,  however 
in  1987  the  term  epithelial  to  mesenchymal  tran¬ 
sition  (EMT)  was  utilized.  This  was  subsequently 
followed  by  Elizabeth  Hay  in  1995  [2],  with  a 
cellular  characterization  of  transitioned  cells,  that 
is  still  currently  utilized  to  identify  phenotypic 
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subtypes  within  the  tumor  mass.  Several  hallmarks 
to  phenotypically  characterize  these  transitioned 
cells,  such  as  cellular'  morphogenesis,  change  in 
shape,  and  tissue  organization  have  all  been  asso¬ 
ciated  with  EMT.  However,  loss  of  cell-cell  con¬ 
nectivity  appears  to  an  essential  step  feature. 
Normal  epithelial  cells  comprise  a  sheet  of  cells 
that  adhere  laterally  to  each  other  by  cell-to-cell 
junctions.  In  addition,  epithelial  cells  have  apical- 
basolateral  polarization  that  is  maintained  through 
organization  of  the  actin  cytoskeleton,  which  has 
intimate  interactions  with  cell  membrane  adhe¬ 
sion  molecules  such  as  cadherins,  tight  junctions, 
and  certain  integrins.  This  allows  the  polarized 
cells  to  maintain  cell-cell  junctions  as  a  lateral 
belt,  preventing  robust  cell  motility,  while  remain¬ 
ing  within  the  epithelial  layer. 

Mesenchymal -like  cells,  on  the  other  hand,  ar  e 
spindle-shaped  cells  that  exhibit  end-to-end  polarity 
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and  have  fibroblast  morphology.  Mesenchymal 
cells  do  not  form  an  organized  cell  layer,  nor  do 
they  have  the  same  apical-basolateral  organiza¬ 
tion,  polarization  of  cell  surface  molecules,  and 
the  actin  cytoskeleton  as  epithelial  cells.  Cell-cell 
contacts  with  neighboring  mesenchymal  cells  are 
possible,  however  limited  to  focal  adhesion  only. 
As  such  this  provides  the  freedom  to  migrate  and 
interact  with  the  surround  extracellular  matrix 
(ECM).  Cell  migration  results  from  dynamic 
remodeling  of  actin  into  filamentous  filopodia, 
lamellipodia,  stress  fibers.  These  cell  protrusions 
lead  to  dynamic  interactions  with  ECM  substrates, 
which  are  mainly  intergrins.  The  onset  of  these 
cell  extensions  are  a  prerequisite  for  maintenance 
ofcell  motility  in  normal  and  cancer  cells,  whether 
they  are  initiated  spontaneously  or  induced  by 
chemokines  and  growth  factors.  Coincidently,  the 
migration  mechanisms  that  occur  in  normal,  non¬ 
neoplastic  cells,  such  as  embryonic  morphogene¬ 
sis,  wound  healing  and  immune-cell  trafficking 
are  identical  to  neoplastic  cells  [3,  4], 

7.1.1  Epithelial  to  Mesenchymal 

Transition  in  Prostate  Cancer 

EMT  has  been  shown  to  be  a  necessary  step  in 
the  dissemination  of  cancer  cell  from  the  primary 
tumor  mass.  During  this  process  there  have  been 
documented  changes  in  the  phenotypic  expres¬ 
sion  of  the  cancer  cells  including  a  reduction  in 
the  cell  adhesiveness.  In-depth  analysis  showed 
that  reduced  or  aberrant  expression  of  cytokeratin 
levels,  and  cell-cell  contacts  related  proteins  are 
observed  over  multiple  cancer  types  including 
breast  and  prostate  cancer.  Adhesive  complexes 
such  as  ZO-1,  desmoplakin,  and  E-cadherin  are 
typically  loss,  and  serve  as  a  prerequisite  for  dis¬ 
semination.  The  clinical  significance  of  E-cadherin 
loss  has  also  been  well  documented.  Decreased 
expression  of  cell  adhesion  molecule  E-cadherin 
has  been  largely  observed  to  be  inversely  corre¬ 
lated  clinical  characteristic  including  grade,  local 
invasiveness,  and  biochemical  failure  after  sal¬ 
vage  radiotherapy.  Furthermore,  patients  with  bio¬ 
chemical  failure  after  prostatectomy  and  aberrant 
E-cadherin  expression  are  likely  to  have  subclinical 


disseminated  disease  [5],  Thus,  the  mechanisms 
responsible  for  such  changes  in  adhesion  com¬ 
plexes  are  of  great  interest. 

Majority  of  the  reports  focused  on  of 
E-cadherin  gene  ( CDH1 ),  suggest  that  hyperm- 
ethylation  of  the  E-cadherin  promoter  [6,  7],  is 
the  main  mode  of  downregulation,  however  a 
combination  of  mutations  in  one  allele  w  ith  loss 
or  inactivation  (by  DNA  methylation)  of  the 
remaining  allele  [8,  9]  has  been  observed. 
However,  in  many  types  of  cancer  including 
breast  and  prostate  cancers,  E-cadherin  expres¬ 
sion  is  lost  without  mutations  in  the  gene  [10], 
due  to  transcriptional  repression  of  E-cadherin. 
Concomitant  with  the  loss  of  E-cadherin, 
N-cadherin  levels  increases  during  prostate  carci¬ 
nomas.  This  increased  expression  of  N-cadherin 
has  also  been  observed  in  invasive  prostate  can¬ 
cer  cell  lines,  and  is  associated  with  androgen 
deprivation  [11],  The  decreases  in  E-cadherin 
expression  and  increases  in  N-cadherin  expres¬ 
sion  have  been  shown  to  be  correlated  with 
increased  metastatic  ability  [12, 13].  Up -regulation 
of  N-cadherin,  and  cadherin-11,  and  OB  (osteo¬ 
blasts)  cadherin  are  typically  associated  with 
high-grade  E-cadherin  negative  tumors.  Other 
EMT-related  changes  included  transition  from 
cubodial  morphology  to  a  spindle-shaped  fibro¬ 
blastic  morphology,  and  genotypic  changes  includ¬ 
ing  loss  of  cytokeratin,  and  increased  vimentin, 
snail,  collagen  I,  thrombospondin -I,  and  other 
mesenchymal  genes.  However,  the  most  consis¬ 
tent  marker  of  EMT  has  been  E-cadherin. 

The  relevance  of  EMT-associated  markers  is 
supported  by  studies  describing  how  expression 
is  regulated.  Many  transcription  factors  such  as 
the  family  of  zinc  finger  proteins  of  the  Slug/ 
Snail  family,  EF1/ZEB1,  SIP-1,  and  the  basic 
helix -loop-helix  E12/E47  factor  that  interact  with 
E-box  sequences  in  the  proximal  E-cadherin  pro¬ 
moter  region  triggering  repression.  Of  these 
transcriptional  repressors,  forced  expression  of 
SNAIL  is  sufficient  to  induce  EMT  in  ARCAP„ 
and  LnCaP  prostate  cancer  cell  lines  [14],  while 
Slug  acts  to  only  regulate  cell  proliferation  [15], 
However,  recent  reports  have  suggested  in  PC-3 
cells  that  SNAIL  inhibition  alters  common  EMT 
markers,  but  does  not  affect  invasiveness  [16], 
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Other  transcription  factors  are  implicated  as  EMT 
mediators  as  well.  TWIST,  a  highly  conserved 
bHLH  transcription  factor,  is  upregulated  in  90% 
of  prostate  cancer  tissues.  RNAi  interference  of 
TWIST  expression  significantly  increased  sensitiv¬ 
ity  to  the  anticancer  drug  taxol- induced  cell  death 
[17].  Furthermore,  in  addition  to  EMT,  TWIST 
may  also  promote  prostate  cancer  to  bone  metas¬ 
tasis  by  modulating  prostate  cancer  cell -mediated 
bone  remodeling  via  regulating  the  expression  of 
a  secretory  factor,  DKK-1,  and  enhancing  osteo- 
mimicry  of  prostate  cancer  cells  [18].  Thus, 
multiple  factors  contribute  EMT  in  prostate 
cancer  cells.  Although  the  complex  mechanisms 
that  regulate  the  expression  of  multiple  factors 
simultaneously  in  prostate  cancer  one  common 
observation  is  that  targeting  individual  factor  is 
sufficient  to  reverse  step  wise  events  associated 
with  EMT,  thus  providing  targets  for  the  develop¬ 
ment  of  therapeutics. 

Decreased  cell-cell  adhesion  in  many  cancers 
may  not  only  be  the  result  of  direct  transcriptional 
regulation.  Soluble  factors  such  as  epidermal 
growth  factor  (EGF),  scatter  factor/hepatocyte 
growth  factor  (SF/HGF),  and  members  of  the 
transforming  growth  factor,  TGFpl,  and  basic 
fibroblast  growth  factor  (bFGF)  families  have 
been  shown  to  promote  EMT  in  several  model 
systems.  Most  all  of  these  have  been  shown  to 
influence  the  downregulate  of  E-cadherin  expres¬ 
sion  with  subsequent  increased  cell  proliferation, 
dedifferentiation,  and  induction  of  cell  motility 
[  19-21].  As  cancer-associated  EMT  is  reversible, 
the  loss  of  cell-cell  connections  creates  a  situation 
where  decreased  E-cadherin  levels  concede  the 
tight  junctions  and  enable  apically  secreted  solu¬ 
ble  growth  factors  to  establish  an  autocrine  loop 
with  the  basolaterally  sequestered  receptors.  [22]. 
This  feed-forward  mechanism  supports  the  main¬ 
tenance  of  the  mesenchymal  phenotype.  Although 
decreased  levels  of  E-cadherin  mRNA  occurs  at 
the  transcriptional  level,  E-cadherin  stability  is  a 
directresult  ofphosphorylated  eaten  ins.  Extensive 
investigations  have  revealed  that  increased  phos¬ 
phorylation  of tlie  preferential  catenins,  p-catenin 
and  pl20,  destabilize  the  cadherin  complex  thus 
inducing  scattering  of  cancer  cell  lines  to  a  more 
invasive  phenotype  [23].  We  have  showed  that 


DU- 145  and  PC-3  cells  express  aberrant  pl20ctn 
and  6-catenin,  and  this  is  reversible  through 
blockage  of  EGFR  signaling  [24],  hi  addition 
to  disrupting  the  cell-cell  junctions  and  enabling 
a  more  migratory  phenotype,  EGF  upregulates 
secretion  of  matrix  metalloproteinases  that  degrade 
file  ECM  aiding  in  tumor  dissemination.  EGF 
upregulates  matrilysin  (MMP-7)  that  mediates 
extracellular  cleavage  of  E-cadherin,  thereby  fur¬ 
ther  disrupting  cell-cell  adhesion  and  switching 
of  prostate  cells  from  a  lesser  to  a  highly  invasive 
phenotype  [25].  Thus  ADAM10,  ADAM9  knock¬ 
down  increased  E-cadherin  and  integrins  and 
modulates  epithelial  phenotype  and  functional 
characteristics  of  prostate  cancer  cells  [26],  further 
emphasizes  the  vast  number  of  pathways  regu¬ 
lating  E-cadherin  expression. 

Accumulating  evidence  suggest  that  growth 
factor-induced  EMT  is  the  result  of  transcriptional 
reprogramming  and  chromatin  remodeling.  Of 
the  soluble  growth  factors  mentioned,  TGFB-1  is 
the  most  noted,  however  for  the  focus  of  this 
review  we  will  focus  on  tyrosine  kinase  growth 
regulation  of  EMT.  IGF-I  stimulation  of  ARCaP£ 
cells  upregulates  ZEB1  expression  in  prostate 
cancer  cells  exhibiting  a  phenotype  and  increased 
cell  migration.  The  authors  also  demonstrated  that 
this  is  mediated  through  activation  of  MAPK/ 
ERK  pathway  [27].  Similarly  EGF,  which  is  a 
robust  stimulator  of  the  MAPK  pathway,  resulted 
in  activation  of  new  EMT-related  marker  receptor 
activator  of  NF-kB  ligand  (RANKL),  and 
enhances  bone  resorption  and  bone  turnover, 
facilitating  successful  bone  metastasis  [14]. 
Findings  from  our  laboratory,  support  these  obser¬ 
vations  in  DU-145  and  PC- 3,  both  of  which 
undergo  enhanced  EMT  upon  EGF  stimulation 
[14,28,29], 

It  is  important  to  note  that  in  addition  to 
transcriptional  repression,  DNA  methylation  of 
key  tumor  suppressor  and  EMT-related  genes  has 
been  observed.  In  the  case  of  E-cadherin,  avail¬ 
able  cell  culture  models  DU- 145  and  PC-3  do  not 
exhibit  methylation  of  E-cadherin,  however  this 
is  not  observed  clinically,  as  E-cadherin  is  meth¬ 
ylated  in  70%  of  late-stage  prostate  [30], 

More  recently  microRNAs  (miRNAs),  small 
non-coding  RNAs  regulating  gene  expression, 
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Fig. 7.1  Tumor  cells  exhibit  phenotypic  plasticity  within 
the  liver  microenvironment,  (a)  Human  primary  prostate 
cancer  (left)  and  metastases  to  liver  (right)  show  expres¬ 
sion  of  E-cadherin.  Formalin- fixed,  paraffins mbedded 
tissues  were  obtained  from  two  well-defined  prostate  ade¬ 
nocarcinomas  with  liver  metastasis,  and  stained  with 
E-cadherin  antibody,  (b)  Immunofluorescence  of  co-cultures 


of  co-culture.  However,  after  long-term  cocul¬ 
ture  (14  days)  MCF-7  cells  underwent  three- 
dimensional  organization.  These  findings  are 
similar  to  our  prostate  cancer  patient  observa¬ 
tions  and  provide  the  proof-of-principle  that 
E-cadherin-associated  EMT  is  the  result  of 


shows  subcellular  location  of  E-cadherin  re -expression, 
MCF-7  RFP  (red)  and  GFP  (green)  primary  rat  hepato- 
cytes  were  stained  with  human-specific  anti-E-cadherin 
for  a  multiday  period.  Top  left  (Day  2),  top  right  (Day  4), 
bottom  left  (Day  8),  bottom  right  (Day  14).  Cy5  second¬ 
ary  antibody  (blue)  was  used  for  E-cadherin  primary 
antibody 


dynamic  interactions  of  the  tumor  cell  with  its 
surrounding  microenvironment. 

Since  we  were  able  to  observe  stromal -induced 
reexpression  of  E-cadherin  within  the  liver 
microenvironment,  would  suggest  that  a  reepithe- 
lialization  process  is  necessary  for  establishment 
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Fig.7.2  ARCaPE  cells  show  a  growth  and  colony-form¬ 
ing  capacity  advantage  in  presence  of  HS- 27a  cells,  (a) 
ARCaPM  cells  were  cocultured  in  the  presence  of  GFP- 
HS-27a  cells  over  a  6-day  period.  Growth  of  RFP, 
ARCaPE  or  ARCaPM  human  prostate  cancer  cells  was 
assessed  by  RFU  (relative  fluorescent  units)  in  the  pres¬ 
ence  co  cultures  over  a  6 -day  period.  Results  are 
means! SE  of  three  independent  experiments.  *P,  0.05 
(Student's  t  test)  compared  to  cell  number  at  day  1  ±SEM. 
(b)  Clongenic  colony- forming  capacity  of  ARCaPE  and 
ARCaPM  prostate  cancer  cell  after  coculture  ±SEM. 


ARCaPM  data  was  normalized  to  ARCaPM  control,  and 
ARCaPE  data  was  normalized  to  ARCaPE  control,  (c) 
Clonogenic  colony  forming  capacity  of  ARCaPE  and 
ARCaPM  prostate  cancer  cell  after  coculture ± SEW. 
ARCaPM  data  were  normalized  to  ARCaPM  control,  and 
ARCaPEdata  were  normalized  to  ARCaPE  control  (Note 
HS-27a  induced  slightly  (1.35x)  the  growth  of  ARCaPM 
cells  but  markedly  (8x)  the  growth  of  ARCaPE cells),  (d) 
ARCaP_  or  ARCaP„  cells  were  cocultured  with  HS-27a 
cells.  Shown  are  phase  contrast  images  of  colonies 
formed  in  the  clonogenic  assay 
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of  secondary  tumors.  However,  given  the  inher¬ 
ent  differences  in  the  stromal  parenchyma  of  each 
organ,  it  is  likely  that  multiple  soluble  factors  can 
achieve  similar'  effects. 

For  example,  exogenous  BMP-7  was  able  to 
induce  E-cadherin  of  prostate  tumors  within  the 
bone  microenvironment,  however  failed  to  have 
any  effect  on  tumors  within  the  lymph  nodes 
[40].  Furthermore,  differential  expression  of  a 
number  of  angiogenesis -associated  genes  and 
their  proteins  between  prostate  cancer  metastasis 
to  bone  versus  liver,  and  lymph  nodes  have  been 
observed  [41].  To  determine  if  this  is  case  with 
E-cadherin-associated  EMT,  we  cocultured  the 
ARCaP  model  with  bone  marrow  stromal  cells. 
Cocultured  ARCaPM  cells  displayed  a  reversal  of 
E-cadherin,  and  the  more  epithelial  ARCaPE  cells 
showing  increased  colony -forming  capacity  and 
growth  advantage  in  presence  of  bone  stromal 
cells  [42].  Clinical  evidence  of  E-cadherin  expres¬ 
sion  in  bone  metastasis  has  been  observed,  and 
interesting  is  associated  with  a  reversal  of 
E-cadherin-specific  methylation  pattern  [43]. 


7.3  Targeting  Cell  Adhesion 

for  Therapeutic  Intervention 

Although  we  are  just  at  the  beginning  of  under¬ 
standing  the  directive  role  of  the  stroma,  more 
insight  into  how  the  stroma  regulates  tumor  cells 
will  lead  to  better  therapies  for  late-stage  meta¬ 
static  disease.  Multiple  reports  have  suggested 
the  benefits  of  targeting  E-cadherin  as  a  thera¬ 
peutic  approach.  For  example,  E-cadherin  neu¬ 
tralizing  antibody  (SHEP8-7)  has  been  shown  to 
sensitize  multi-cellular  spheroids  to  microtubule 
binding  therapies  in  the  taxane  family  in  HT29 
human  colorectal  adenocarcinoma  cells  [44], 
A  more  recent  observation  that  survival  of  andro¬ 
gen  receptor-expressing  differentiated  prostate 
cells  ar  e  dependent  on  E-cadherin  and  PI3K,  but 
not  on  androgen,  AR  or  MAPK  [45],  Indeed  this 
is  the  case  because  our  findings  suggest  the 
blocking  E-cadherin  cell-cell  interaction  with 
E-cadherin  neutr  alizing  antibody,  decreased  both 
epithelial  or  mesenchymal-like  prostate  cells 


from  reepithelialization  and  colonizing  the  bone 
microenvironment.  The  neutralizing  antibody 
increases  their  sensitivity  to  radiation  treatment 
[42].  Of  further  clinical  benefit,  recently  a  mono- 
conal  antibody  to  N-cadherin  has  been  described 
as  an  effective  treatment  for  pro  state  cancer  lim  iting 
local  invasion  and  metastasis  both  in  vitro  and 
in  vivo  [12].  Thus,  blocking  cellular  adhesions 
appears  to  be  a  rationale  strategy  limiting  pros¬ 
tate  cancer  metastasis. 


7.4  Summary 

In  summary,  we  propose  that  the  EMT  required 
to  “escape”  from  the  primary  tumor  mass  is  tran¬ 
siently  “reverted”  during  the  initial  stages  of  met¬ 
astatic  seeding,  enabling  the  alien  tumor  cell  to 
incorporate  into  the  target  tissue  and  derive  survival 
signals  thereof.  Thus,  tumor-stromal-interacts 
induce  cellular  plasticity  gives  rise  to  distinct 
populations  of  cancer  cells  within  secondary  site. 
This  plasticity  gives  rise  to  distinct  population, 
i.e.  mesenchymal  phenotype  and  its  kinetic  char¬ 
acteristics  (motility/invasive),  and  the  epithelial 
characteristics  necessary  for  secondary  tumor 
development.  Our  findings  that  epithelial  cells 
are  more  successful  in  establishing  secondary 
tumor  suggest  that  dissemination  from  the  pri¬ 
mary  tumor  mass  requires  the  mesenchymal  phe¬ 
notype,  however  a  mesenchymal  to  epithelial 
transition  is  associated  with  initial  metastatic 
seeding  and  subsequent  formation  of  a  cohesive 
tumor  mass  within  the  bone  microenvironment 
(Fig-  7.3).  Critical  to  our  model  of  phenotypic 
mesenchymal-to-epithelial-reverting  transitions  is 
the  underling  signaling  mechanisms  that  mediate 
this  transition.  Multiple-cell  signaling  pathways, 
most  likely  initiated  by  stromal-derived  soluble 
factors,  converge  on  an  ever-expanding  set  of 
transcriptional  and  post-translation  factors  that 
epigenetically  regulate  specific  proteins  that  ulti¬ 
mately  serve  as  markers  of  the  epithelial  vs.  mes¬ 
enchymal  phenotype.  Understanding  the  events 
may  offer  new  opportunity  to  target  during  and 
the  reverting  transition  that  appear  to  be  essential 
to  metastatic  relapse. 
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Fig. 7.3  Diagram  of  mesenchymal-to-epithelial  reverting 
transition,  Epithelial  carcinomas  cells  and  carcinoma  cells 
undergo  EMT,  which  involves  a  loss  of  adhesion  and 
reinforcement  of  autocrine  signaling  that  drive  the  cancer 
cell  to  escape  the  tumor  mass  and  intravasate  the  blood  or 


lymphatic  vessels.  At  the  secondary  site  mesenchymal 
cells  extravasate  the  tissue  parenchyma  and  phenotypic 
reversion  occurs  to  form  heterotypic  interactions  within 
foreign  microenvironment,  with  subsequent  development 
of  micrometastases 
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